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a FE 
PREFACE. 
ID Ifeafes being purely Difor= 

ders of the Animal Orronò- 

my, whatſoever can add 
any new Light to our Knowledge of 
this, muſt neceſſarily clear the Nas 
ture of thoſe, - eftabliſh the Prafice 
of Phyſict upon a ſurer Foundari- 
on, and enable Phyſicians i make 
truer and more certam Judgment in 
moſt Cafes. ved 

The Animal Bod) is mow known 

u be a pure Machine, ani many of 


A 2 ts 


ts Aclians and Motions are demon- 
ſtrated to he the neceſſary Conſequen- 

1 ces of ns Structure. The manner of 
| Viſion is ſhewn in Opticts. Borelli 
has given us the Mechaniſm of the 
| Bones and Muſcles for the moving of 
the Jomts. And ſince the Diſcove- 
| ry of the Circulation of the Blood by 
the famous Dr. Harvey, many uſe- 

ful Propoſitions concerning its Motion 

; and Velocity have been determined 
by Bellini. Dy. Pitcairne has ex- 

plained the mechanical Sirutture of 

the Lungs; ſhewn us the reaſon of 

| the "> ing Paſſages of the Blood, 
= z hre the Heart of the Feetus ; the ne- 
1 ceſſity of breathing after Birth ; and 
1 bow the ante-natalitial Dudls are 
ſtopp d by breathing: He has hkewiſe 
1 demonſtratrvely explam'd the Sym- 
1 promes of the Diſeaſes of the 2 yes, 
and demonſtrated the circular Figure 
of the Orifices of the Glands, Dr. 


Friend has wrote in a mechanical 


| ] ww The Preface. 
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way upon the Menſes; Dr. Cheyne 
upon Fevers ; and Dr. Mead of Poi- 

ſons; and all of them have handled 
theſe Subjetts more rationally than e- 
ver any did before them. In the 
following Sheets is contained a Calcu- 
lation of the Force of the Air upon the 
Blood in Breathing, of the Quantity 
of Blood in the Human Body, of its 
abſolute Velocity in the Aorta. The 
uſe of the Spleen and Vena Porta is 
- now no longer a Myſtery ; and many 
Phznomena of the Animal Body - 
which the Ages paſt thought mexpli- 
cable, have now by ſeveral been made 
the Subjefts of Geometrical Demon- 
ftration. That many Things ſtill re- 
main undiſcovered, is not, that of 
their own Nature they are leſs ca- 
pable of Demonſtration ; but that the 
Data are not ſufficient, we are not 
yet fully appriſed of all the Circum- 

ances, which conduce to produce 
ſuch Phænomena. If ſome things 

. 43 which 


à Diſcovery of the Things that are 
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which io former Ages have appear- 
ed unaccountable, are now as clear 
and demonſtrable as the Preſſure of 
the Air, why ſhould we not hope for 


full hid from us? If we endeavour 
after them, there is all the reaſon 
in the World to believe we ſhall have 
Succeſs, if we conſider the Progreſs 
that has already been made, notwith- 
flandmmg the mechanical Philoſopby 
as apphed to Phyſick is ſtill in us Iu- 

fancy. Sr, 
Now fence the Auimal Body is a 
pure Machine, and all its- Aftions 
from which Life and Health do flow 
are the neceſſary Conſequences of its 
Oeconomy ; muſt not all the Symptomes 
of Diſeaſes be lilewiſe the neceſſary 
Conſequences of the Alteration of this 
Oeconomy? And do they not as ne- 
ceſſarily flow from this Change, as 
the Aclions by which Life and Health 
are continued, did flow from the Oeco- 
3 ey 
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nomy before the Change. If a Pen- 
Aulum of ſuch a length makes à Clock 
fo go exattly true; does not the Al- 
teration of the Pendulum as necefſa- 
rily cauſe it to go too faſt or too flow? 
and when all the reſt of the Move= 
ment is known to be in good order, 
does not the quick or ſlow Motion of 
the Chtkh, as neceſſarily ſhew the 
Fault of the Pendulum? It is the 
Same thing in the Animal Body, for 
the ſame reaſoning holds good in all 
fort of Machines, whoſe Motrons are 

the neceſſary Conſequences of their 

Struftures: nor is the Caſe in the 
leaſt altered, that we have a Prin- 
_ within us, not ſubject to the 
Laws of Motion; for our Souls are 
not at all conſcious of the inward Mo- 
trons of the Body upon which Life 
and Health depend; and tho it dos 
Sometmes influence our Health, yet 
be Irregularities it produces in the 
Oeconomy are to be reftified the ſame 

A 4 way 


„„! „ ͤ—a—„—r,w᷑tj 


viii The Preface. 


way as if they had proceeded from 


other Cauſes. Therefore it demon- 


ſtratroely follows, that the greater our 


Knowledge of the Animal Oeconomy 
ic, the better the Nature of Diſeaſes 
muſt be known. 

It muſt indeed be confe ſed that 
this Method of improving the Art of 
Phy/ick is full of Difficulty, but the 
Nature of things cannot be altered; 
F it is to be improved, it muſt be 
by a Knowledge in the Animal Oeco- 
nomy, there being no other Method 
but what does really and in eſſect de- 
bend upon that. 

Home do pretend that the Art of 
curing Diſeaſes, is only to be promo- 
ted by Experiments, by obſerving what 
Things are hurtful, what beneficial 


in Diſeaſes, that the Study of Wa- 


ture and the Knowledge of the Body 
zs altogether ſuperfluous, and of as 
little uſe, as it would be to a Sailor 
10 know the Reaſon of the Tides, or 


how 


The Preface. 


the Loadſlone. But if we conſider 
the Number of Diſeaſes, their diffe- 
rent mo afferent Appearances 
according to the almoſt 525 LVart- 
ety of the Conſtuutions of our Bodies, 
and the Arr in which we liwe. If we 
reflect lileuiſè on their various Com- 
plications, on the infinite variety of 
Medicines, and the critical Times of 
uſing ſometimes one, and ſometimes 
another, we may as well expeft that 
a blind Man ſhould ſhoot flymg, or 
one that is deaf tune an Organ, as 
that any one without the Knowledge 
of the Animal Oeconomy ſhould ever 
find out a Remedy for any one Di- 
temper. The Art of curing did in- 
deed at firſt riſe from Experiments, 
and it cannot be denyed that ſeveral 
good Remedies have been found out 
by chance, or rather by Divine ap- 
pomntment, as without doubt the Uſe 
of the Bark was by the [Indians ; whom 
| 2 


we 


how to explain the Phenomena of 


ix 


| 
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.we may reaſonably ſuppoſe to have 
6 of th oat Oecono- 
my; but no Man can think this a 
good Method for improving of any 
Heience If indeed Experiments are 
directed, by a Knowledge in the Ani. 
mal Oeconomy, ſomething may be 
© hoped for from ſuch aMethod ; andthe 
greater the Skill is by which the Ex- 
periments are directed, the greater 
will be the Probability of Succeſs ; 
becauſe by that we can aim more di- 
 rettly and certainly at the Irregula- 
rites of the Oeconomy ; and he that 
knows the Diſeaſe is more likely to 
cure than he that is wandring and 
dubious in his Mind, and uncertain 
what it is he ought to aim at. If 
he hits the Mark it is owing more to 
mere ocbance, than any good Skill,” 
Experiments are the only Foundati- 
on upon which by a juſt reaſoning 
we come at the Knowledge of any 
Phenomenon of Nature. 7. * 
nas 
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Anatomical Experiments, and Oh- 
ſervations upon the Sirutture of the | 
Parts, Nature of the Blood, and Se- | 
cretions, can enable us to andern 
the Phenomena of the Animal Body; 
without them the raiſing of — 
and Hypotheſes is but building of Ca- 
les in the Aw. The Theory in- 
deed of any Art, which has already 
arred at its hi be Perfection, and 
which has all its Circumſtances known, 
may perhaps be of as little uſe, as that 
of the Tides and Loadſfione would be 
5 for ſailing in the Channel: But ei- 
ther of theſe might be of great uſe to 
a Sailor taken out of his Knowledge 
to an unknown Part of the World. 
Phy/ick has not as yet arrived at its 
greateſt Perfection in the curmg of 
any one Diſeaſe ; we are ſtill guo- 
rant of more than we know, 
the Circumſtances of Diſeaſes are 
infinitely various, and no general 
Rules whatſcever can be applied to 
hs part 1 
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| ledge of the reaſin of the Rule, that 


The Knowledge of theſe Cauſes is not 
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particular Caſes, without the Knows 


is, without underſtanding the Ani- 
mal Oeconomy, upon which all Rules 
of Phyſict are built, 4 
But the Method of curing Di/* 
eaſes, by drawing Indications from 
the evident and conjuntt Cauſes, has 
been always moſt approved by the 
beſt and Generality of Phyſicians, 


zo be attained by reaſon, but by a 
choſe and aſſiduous Obſervation of all 
the Appearances m the ſeveral Stages 
of a Diſtemper. The firſt that ex- 
celled in this Knowledge was the Di- 
vine Hippocrates, whoſe Delincati- 
ons of Diſeaſes are truly charming. 
In them one may diſcern a wonder- 
ful Attention to all even the minuteſt 
* of Nature, which pro- 
uced a ſurprizing Sagacity in judg- 
mg of future Events, In this Me- 
thod ſeveral of the Ancients have 

follows 
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follou A him, but none ever came ſo 
near to him, as the deſervedly renown- 
ed Dr. Sydenham, and Dr. Morton, 

4 | whoſe Hiſtories of Diſeaſes, for a 
4, full, exact and nice Enumeration, 
and Deſcription of evident Cauſes, 

Hgnes and Symptomes, for a judi- 

cious diſtinguiſhing of the ſeveral Spe- 

cies of the ſame Diſeaſes, and for 

juſt Prognofticks founded upon a care- 

ful Obſervation of the common Effetts 

of ſuch and ſuch Appearances, have 
ſurpaſſed all Hiſtories of the Modern 


Phyſicians. 

This is the Knowledge which, add. 
ed to that of the Animal Oeconomy, 
can (y make a Phyſicia; none 5kill- 
ed in Geometry may as well pretend 
to be a good Aſtronomer, without 
« 8 Erowmg the Motions aud Revolutt- 
ons of the Heavenly Bodies, as a 

Philoſopher, or one skilled in the Ant» 
mal Oeconomy, to be a Phyſician 
without the exact Knowledge of the 
Hiſto- 
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Histories of Diſeaſes. And as one 
gnoram of Geometry can make but 
a wretched Aſtronomer, ſo he can 
make no heiter a Phyſician that has 
not laid a good Foundation of the 
Animal Oeconomy. If we conſider 
the Animal Body as a Machine, its 
Diſeaſes, and all their Hymptomes 
are only the irregular Motions of the 
Machme. Now ſuppoſe a Man ig- 
noram of the Sirutture of a Clock or 
1 March, it is impoſſibie he ſhould ever 
1 be ab to put it in right Order, th# 
! be had never ſo exact an Hiſtory of 
us wregular Motions. So a Phyſici- 
an ignorant of the Animal Oeconomy, 
is ignorant of the Stratture of the 
1 Machine he undertakes to regulate, 
| and the beſt and exatteſ} Hiſtories 
| of Dyſeaſes can never ſuggeſt to him 
any Indication of Cure. It is there. 
1 for the Animal Oeconomy which 
1 alone can enable us by reaſoning up- 
' on tbe Canſes, Signes and * 


= 
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of Diſeaſes, to find out their Natures, 
and to deduce true and juſt Indica- 
tious of Cure, | 

| Ifweexamne the Method of curing 
any Diſtemper we ſhall find what 
I have ſaid to be true. For inſtancr, 
do not all the S'ymptomes of the Jaun 
dice ſhew us that the Liber is ob. 
fprufted? And do we not deduce this 
Obſtruttion by our Knowledge of the | 
Animal Oeconomy? And does not | 
this Obftruttion indicate Bleeding, 
Vomiting, Purging and Devbſtruem 
Medicines, which are nſed m curing 
of this Diſeaſe? If we know the © 9 
Nature of the Humour which canfes 
the Obſtruttion, perhaps Remedies 
might be found to cure ſuch Jaun 
dice as are now found to be incura- 
ble: For different Subſtances require. 
afferent Refſokvents, as every one 
that ts acquainted in Pharmacy and 
Chymiftry knows. From the Sym- 
fromes of the Faundice we juſtly * 
HE 
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the Indication for giving deobſtruent 
i Medicines, but what are the moſt 
11 proper Medicines of this lind, we 
14 know not; becauſe we are ignorant 
of the Nature of the Obſtruftion. 
| Our Indications therefore are true 
| aud juſt, ſo far as our Knowledge of 
= the Animal Oeconomy reaches; but 
| where that leaves us we only grope 
in the dark, and find out Remedies 
'8 by Chance. 
1 But this will be fill more evident 
; if we conſider, there is no Diſeaſe, 
better known, or which has its moſt 
minute Circumſtances better deſcribed 
than a Tertian Fever; yet becauſe 
we are ignorant of the Nature of the 
Blood, which is the Seat of this Di: 
| ſeaſe, its Hiſtory does not help us 10 
Indication, which if anſwered 
1 will work a Cure, hut we are obliged 
1 zo the 1gnorant Indians for our know- 


edge in curing this Diſeaſe. And 


here again fo Shew the Neceſſity of 
the 


- 
© — 3 — 


The Preface. xvii 

the Knowledge of the Animal Oeco- | 
nomy, and how vam a thmg Em- 
piriciſm is, iho a more noble Spe- 
cifick than the Bark was never known 
yet we are frequently ford, when 
Intermitting Fevers are complicated 
to call in to our Aſſiſtance the Know- 
ledge of the Ammal Oeconomy ; and 
by Vomiting, Purging and other 
proper means, to render that Spe- 
cifick uſeful, which before was of no 
effett. | | 

If the Animal Oeconomy were per- 
fettly underſtood, and the Hiſtories 
of Diſeaſes exatthy known, the right | 
Method of Curmg each Diſeaſe might | 
be evidently and certainly deduced; 
and therefore when the Hiſtory of a 
Diſeaſe is exactly known, if the right 
Method of curing it cannot be dedu- 
ced, it'muſt be becauſe the Animal 
Oeconomy is not underſtood ; and from 
hence it follows that our Skull in cu- 
ring of Diſeaſes whoſe Hiſtories are 

B exactly 


> 
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| exactly known, (a _—_ what we 
are 2 to Empiricis for) is al- 
1909 ways proportional to our 2 
10 of the Animal Oeconomy. 
s be Animal Oeconomy is its felf a 
% conſiderable Part of natural Philoſs- 
phy, and our Bodies are ſtrongly in- 
fluenced by Variety of Diets, and /o 
in many things from without, that in- 
| deed the whole fludy of Nature ſeems 
f zo be uſeful to him * would under- 
10 ftand it. And every diſcovery in 
4 things that affect us, ſeems.to be an 
Improvement of Phy ck. Some of 
the Ancients have 1 Jed left us very 
 Judecrons and accurate Hiſtories 0 4 
Diſeaſes ; but ſince the dife 
#he Circulation of the Blood, an 45 
late Improvement of if natural Philo- 
fophy ; our FR theſe Hi- 
Aories, in order 10 the Feat 


and Nature of the 2 and 
from them to deduce a right Method 


q | | | of curmg, and the whole Prattice 
i 7 ; of 
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of Phyſick by the Invention of many 
uſefal Remedies, is ſo much refined, 
that whoever. ſhould affirm the con- 
trary, would ſeem to me netther to 
have read the Ancients nor to be 
acquainted with the Prattice of the 

| Moderns. 

But notwithſtanding the great Ad. 
vantages Phyſick has recerved from 
natural Philoſophy ; it muſt be owned, - 
that it has hkewiſe recerved a very 
great detriment from the too common 
Method of philoſophizing ; that ts by. 
laying down of Principles not drawn 
from the Phænomena of Nature, : 

s of but uncertain Fiftions of the Brain; 

of ſuch as are the firſt and ſecond Ele- 

ments of the Carteſians, which are 
bl purely Chimerical, and have no 
1H Foundation in Nature ; and yet their 

Seat whole natural Philoſophy depends 
and upon them: Tho their reaſonmg 

o upon ſuch fictitious Principles were 

Tree Juſt, yet no Phænomenon of Nature 

of B 2 demon- 
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demonſtrating their Exiſtence, the 
beſt that cou'd be ſaid of their Phi- 
loſophy is, that for ought we know, 
it 15 meerly ofſible ; but that Nature 
does attually work this way, can never 
3 e ſhewn, till the truth of their Prin- 
iples can be demonſtrated. Moſt 
Theories of Diſeaſes are built upon 


ſuch Principles, and therefore we 


never can have any Certainty, or in- 


deed ſo much as a Degree of Proba- 
bility, that the Indications drawn 
from them are right, or ſuch as if 


anſwered, would cure the Diſeaſe. 


If a Man may ſuppoſe any Princi- 


ples which are not evidently falſe, he 


may at the too common looſe way of 


reaſoning, give a thouſand Solutions 
of the Nature of every Diſtemper, 
all equally true, and all indicating 
different M. ethods 0 F curing. Tho- 
ſuch a Knowledge may ſatisfie the 
2 try of a Philoſopher, yet it can 


be no ſti ** une for eſtabliſb- 
ing 
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ing the Practice of Phyſick upon: 
For a Man to hazard his Life (aud 
he ought to be more cautious of ano- 
ther's) upon the truth of an Hypo- 
theſis which is barely poſſible, is to 
run a greater Riſque than he apes, 
who ventures his Eſtate in a Lottery, 
where it is only poſſible, but not 
at all probable that he ſhould be a 
Saver. | | 
But this fort of Philoſophy is not 
only uſeleſs, but it is alſo prejudicial 
to Phyſict; for Men being generally 


fond of the Productions of their own 


Brains have ſtudied theſe more than 
they have done the Operations of Va- 
ture in the ſeveral Periods of Diſea- 


ſes, and haue not ſtuck to mould and 


frame Diſeaſes to anſwer their Hy- 
potheſes ;. ſo that moſt of the late Hi- 
ſtories of Diſeaſes, are only Philoſo- 
phical Romances, and contain no- 
thing of that diligent Obſervation of 
Nature which gained Hippocrates 
3 immortal 
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immortal Honour, and without which 
it is impoſſible that ever the Art of 
Phyſick ſhould be improved. 

ut ſuch is the Narrowneſs of the 
Humane Intelle&, that few Men are 
fitted for various Studies, or even 
for the ſeveral Parts of the fame 
Science. Many have been very nice 
and exaft in making Aſtronomical 
Obſervations, that have had but a 
11 very moderate Skill in Geometry, and 
w( i ſuch as have excelled in this have 
l | been deficient in that. And Men 
| einher from a want of Integrity and 
a Senſe of that Truth and Juſtice 
ll that 1s due to Mankind, or from a 
, | natural Fondneſs of their own Dua- 


lifications, and an Unwillmgneſs to 
think any thing of which they are 
zgnorant, neceſſary to the Science they 
| profeſs, have generally recommended 
and extolled thoſe Parts which they 

| beſt underſtood themſelves, but — 
tered and decryed thoſe they were 


| 

| | 4 
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leſs shilled in, tho not leſs neceſſa- 
ry and uſeful. Natural Philoſophy 


, and the Hiſtories of Diſeaſes muſt 


go hand in hand in the improving 
the Art of curing; it 1s not poſſible 
to make any uſe of the laſt without 
the Knowledge of the firſt. And | 


may venture to ſay, that there 1s no 


Man that practiſes, but who does it 


_ ſome Knowledge of the Animal 
economy, or ſome notions of his own 
which are mare or leſs clear accord- 


ing to his Skill in natural Philoſo- 
phy. And for the Truth of this, 


appeal to Dr. Sydenham's own 


Writmgs, who by his philoſophizmg 


has evidently ſhewn us the Neceſſuty of 


that Science, he ſo much decryed, and 


fo Iittle underſtood. He was undoubi- 


edly a great Man, and the World will 
always be obliged to him for his ac- 
curate Hiſtories of Diſeaſes; but 
there is no Man without Errors, and 


where one of his deſerved Charaer 


B 4 falle 
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falls into a Miſtake, it does a great 
deal more hurt, than if hundreds of 
others of leſſer Note had been guilty 
of the ſame, 
The following Treatiſes contain a 
. few Thoughts about ſome of the prin- 
Ws cipal Parts of the Antmal Oeconomy ; 
It was the Conſideration of the Uſe of 
. the Vena Porta which gave. me the 
firft hint to think that the ſeveral 
Humours of the Body were formed by 
1 the Attraction of the Particles of the 
1 Blood; which when I had commu- 
3 nicated to my Brother, he was 
pleaſed to ſee bis Theorems of Attra- 
Eton illuſtrated by fo eminent an In- 
ſtance, and ſent me the Demonſtration 
of the third Propoſition. 
The firſt that I know of who, to 
| explain Secretion, thought i it neceſſary 
1 ta conſider the ſtate of the Blood at 
|| different diſtances from the Heart, 
ll |} was the ingenious Dr. Cockburn; 
1 
| 


way — — 
* — 
r cc. 
* 


and the he was not then aware of 


this 
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this Principle of Attraction; yet he 
wiſely foreſaw that different Veloci- 
ties of the Blood were requiſite for 
ſecerning of different Fluids. 

As the Learned Dr. Gregory 
has ſhewn us, in the Preface to 
his Aftronomy, that the Graunation 
of the Heavenly Bodies towards one 
another was known to the Ancient 
Philoſophers ; ſo this Power by which 
the ſmall Particles of Matter attratt 
one another was the Doctrine of Hi 
pocrates, (a) whoſe whole Phile- | 
ſophy is built upon a certain Propen- . 
ſion which ſome things have to ond | 
another, whereby they attract, re- 
tain and alter one another, Galen 


(b) does aſſert this Attraction to 
be 


—— —ę—ͤ— _ 


(a) Vide Mr. Le Clerc's Hiſtoire de la Medicine. 
1 Præterea conſpirabile & confluxile totum corpus 
eſſe, Naturamque omnia juſtè & artificioſè peragere, 
facultatibus ſcilicet præditam, quibus ſingulæ par- 
ticulz convenientem fibi ſuccum ad ſe trahunt, at- 
tractum verd coaleſcere, accreſcereque omnibus ſuis 
partibus faciant cap. 12. {ib, 1. de Natural. Facultat. 
; Oſtenſum 
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be an untderſal Power in Matter and 
fe) corepares it tothe Power by which 

à Loadſtone draws Iron. (d) Hip- 
pocrates explains the manner that 
 purgative Medicines operate juſt as we 
have done. And Galen in his Trea- 
ziſe de Purgantium Medicamento- 
rum Facultate, does bitterly inveigh 
againſt all thoſe who in oppoſition to 
Hippocrates did aſſert that all purges, 
purged all Humours maiſſerently ; 
and concludes that every purgatroe 


Medicine draws to its ſelf its proper 


Humour. And he ſtrenuouſly mam- 
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tains a Vis Attractrix in Nature a- 
gainſt Epicurus, Aſclepiades, Eraſi- 


Oſtenſum eſt a nobis in Commentariis de Potentiis 
Naturalibus, Naturam uniuſcujuſque particulæ, 
quatuor uti potentiis, attractiva proprii alimenti, 
& ejuſdem retentiva. Comment. 1. Aphor. 22. 

(c) Ergo ad quem modum trahatur in commune 
inveſtigemus: quo porto alio, quam ficut a magnete 
lapide ferrum, qui ſcilicet talis qualitatis trahendæ 
vim habet. Lib. 2. Cap. 7. de Natural. Facultat. 

(4) To [a Saga, 0x67) toealy ts 7 Twpa 
Fare © alt, „ av aur ' Quan 'uanNr y 

F & TW cond] trol, LTT, 5 % rd Enxi Ti 
uy xebaigy, | | 


ſtratus, 


otentiis 
ticulæ, 
imenti, 


mmune 
nagnete 
ahendæ 
. 

TO » 
Airs „ 
teaxy 76 


atus, 


The Preface. 


ſtratus, and others in his Bool De 
Naturalibus Facultatibus. Al which 
does ſufficiently ſhew that this Attra- 


Gion of the ſmall Particles of Matter 


is no Innovation in Philoſophy, 


The manner by which I do ſup- 
poſe the Glands do ſeparate the ſeve- 


ral Humours from the Blood, is much 


the ſame with that of Dr. Morland's 
dubhſhed in the Philoſophical Tranſ> 
attions. What I have ſaid concerning 
the Quantity of Blood is ſufficient to 

Dew how little reaſon common Opini- 
ons are ſometimes grounded upon. Aud 
the Difficulty of the Subject, and the 
neu Method of handling it, will I 
hope procure this ſhort Eſſay a fa- 


vourable Reception. The Theory of 


Muſcular Motion does follow ſo natu- 


rally and eaſily from the Principle 
of Attrattion, that one would be al- 


moſt tempted to believe it the ge- 
nume Method of Nature. The De- 
termination of the Vis Elaſtica was 


the . 


xXxviii The Preface. 
the Thought of the Learned John Ber- 
nouli ; but this way of demonſtrating 
# was communicated. to me 

| Brother: I am too ſenſible of my own 

Þþ Inabilnies to purſue thoſe Thoughts 

8 | which I have only ſtarted, and J 

| ſhould be pleaſed if they were of any 

uſe to Men beiter qualified to make 

ö Diſcoveries in Nature. 

1 Tho any one with a moderate Skill 

=o in the Mathematicks may underſtand 

| theſe Diſcourſes, yet without that no 
one can judge of their Truth, and 

14 . Uſefulneſs in explaining the Animal 

| 


Oeconomy. 
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Of the Quantity of Blood in 
the Humane Body. 

| 4. <4 
ao not upon what 


OP 


5 n Grounds Phyſicians and 
i 22. ee Anatomiſts have ge- 
VLä oerally determined the 
Quantity of Blood in the humane 
Body, to be between fifteen and 
twenty five pound Weight. All that 
I can find is the large Quantities 
of Blood voided by Perſons dying 
of violent Hemorrhagies; ſo that 


is according 


2 Of the Quantity of Blood 
according to their ſeveral Obſerva- 
tions, ſome have aſcribed a greater, 
and ſome a ſmaller Quantity of 

How Dr. Blood to the Body. Dr. Moulin has 
Mon allotted by much a ſmaller Quanti- 
mine it. ty than any, and gives us the Me- 
thod by which he determin'd it in | 

the Philoſophical Tranſaftions. He 
ſays, that in a Sheep, which alive, 
weigh'd 118 4. be found by bleed- 

ing it to death, that it contain'd 

5: lib. of Blood, which is leſs than 

— part of the Weight of the Sheep. 

Thar in a Lamb weighing 30 4 lib. 

when living, there was but 14 lib. 

of Blood, which is about + part: 

Now upon the Suppoſition, 4 a 


Man's Blood bears the. ſame Pro- 
portion to his Weight, as that of 
the Lamb's (which is the greateſt) 
had to its Weight, it will follow 
that the Quantity of circulating 
Blood in a Man, weighing 160 Fs 
Will not exceed 8 0. 


Theſe 
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in the Humane Body. 3 
Theſe Eſtimations (tho widely ? 
different from one another) are way juft 
both made from the Quantity of 
Blood voided at an open YLe//et; 
and they are both founded upon 
this Suppoſition, that almoſt all the | 
Blood in the Body runs out at the | 
Wound; a Suppoſition I can by no 
means allow to be true, and which 
I ſhall evidently ſhew to be falſe. 
For ſuppoſe the right external Vi- 
ack Artery cut aſunder, fo as that 
the Blood may freely flow out of 
the Wound: How can the Blood 
which is in the right Leg below the 
Wound, be emptied ? It is cut off 
from the reſt of the Blood above, 
which ſhould drive it forwards, and 
all the Aſſiſtance it can have from 
collateral Branches, which commu- 
nicate with it can be but very lit- 
tle, becauſe they themſelves can re- 
ceive but a very ſmall quantity of 
Blood, the Blood running all to the 

1 Wound, 


: 
4 


4 Of the Quantity of Blood 
Wound, where it finds the leaſt Nu 
Reſiſtance. The Arteries in the d 
Leg can beat no longer, becauſe tl 
the Pulſe depends upon the Quan- g 
tity of Blood thrown into, them Wb 

_ . every Syſtole of the Heart, which No 
in this Caſe is nothing; and theſe tl 
being the only regular Caufes of No 
the Motion of the Blood, the Blood Mr 
muſt ſtagnate in the Crural /e//els. Mw 
All that can be ſaid is, that the Ww 
great Arteries will once contract, 
and may perhaps have ſome ſmall 
Vibrations afterwards, by which 
they will thruſt the Blood into the 
capillary Feſſels, and their convul- 
ſive Motions will ſqueeze the Blood 
forwards in the Veins; but when 
an Animal once falls into Convul- 
ſions by bleeding, it can bleed but 
little afterwards, the Motion of the 
Heart ceaſing ; beſides we know, 
that neither all Animals, nor all 
Parts of an Animal are convuls'd 

| upon 
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upon bleeding to death: and tho 
the great Arteries may contract, yet 
this Contraction muſt be very lan- 
guid in the ſmall Arteries, which 
being innumerable, the greateſt part 
of the Blood will be lodg'd in them, 
there being nothing to drive it out 
of their contorted Channels, but it 
muſt ſtill remain in them, as like- 
wiſe in the Fibres of the Muſcles, 
which appear of a red Colour, only 
upon the Account of the Blood con- 
tain'd within them, their Subſtance 
being naturally white. Again, tho? 
the right and left [hack Arteries 
do in the natural State receive an 
equal quantity of Blood; yet when. 
a Wound is made in the Right, 
thro' which the Blood has an eaſie 
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greateſt part of the Blood which 

„comes down the Aorta, and conſe- 

ll quently the Circulation of the Blood 

d muſt be very flow in the left 45; 
. "i 7+ "oof 


Paſlage, this muſt receive much the 


6 


what flows naturally of its ſelf in 


Of the Quantity of Blood 
and no more Blood can come from 
it, than what is thruſt out meerl 


by the Motion of the Body, or 


the ſtrait and large Veſſels, as Fluid 
will do to come to an Equilibrium; 
for the ſame Reaſon the aſcending 
Trunk or Branches of the Aorta can 
receive but aſmall quantity of Blood 
and therefore the Pulſe in the Ar- 
teries of the Brain muſt be very 
languid or none at all, upon which 
account the Motion of the Spirits 
muſt ceaſe, and conſequently that 
of the Heart. When the Aoria . 
to be empty (which muſt quickly 
happen when the B/oad runs out at 
a Wound of a large Artery) then 
the Blood having little or no Re- 
fiſtance, will flow eaſily into the 
empty Heſſel, and a very ſmall 
Quantity of jt will enter the Ori- 
fices of the Coronary Arteries of 
the Heart, the V 1 covering 

N them, 


2 = = hu 83 — A. CY E 


STAY. ab dn: 5 {2h "i. 

I br the Hamam Boh. 7 
them, and conſequently the Mo- 
tion of the Heart muſt ceaſe for 
ol want of Blood. 
in It is for theſe two laſt Reaſons, 73% 
168 that the larger the Veſſels are that $uh 
1 are 1chndeck the ſooner the Animal % Els 
dies; and if the Aorta it ſelf was te logep 
cat aſunder, there would be a ſmaller *% 
Effuſion of Blood from it, than from 
a ſmaller Artery: For ſince it is the 
Blood in the Aorta that thruſts for- 
ward the Blood in the Veins, and 
makes it paſs from the Vena Cava 
into the right Auricle of the Heart ; 
it is plain, that when the Blood in 
che Arta is intercepted, the Blood 
will be no longer driven thro* the 
Heins, but will ſtagnate in them, 
no more of it coming to the Heart, 
than what by reaſon of the Fulneſs 
of the V eius flows into it, and con- 
equently the Heart throwing but a 
mall Quantity of it into the Aorta, 
the Circulation will be quickly ſtopt, 

* B 2 both 


2 ¶K IR 


8 Of tbe Huantity of Blood 
both in the aſcending and deſcend- 
ing Trunks, and there will be no 
greater Effuſion of Blood than what 
can be contain'd in the great Artery 
which holds but little. Where- 
ſoever the Wound is made, ſo long 

will the Animal live as the great 
Artery keeps full, but whenever 
that begins to empty, the Blood in 

3 all its Branches muſt ſtop, and con- 

ſequently the Animal muſt die. 
The The Veſſelt of the Animal Boah 

Za, are not meer unactive Tubes; but 

Bled , as they may be gradually dilated, fo 

nal they can gradually contract again 

"4%. and as they cannot ſuffer any vio- 

lent and ſudden Stretching without 
breaking, ſo neither can they im- 
mediately contract upon any ſudden 

Evacuation. And therefore when 

| any great 'Artery is wounded,” the 

| Animal dies after a few Pulfations 

i of the Heart, the great Artery being 

j immediately emptied ; But when 2 

| | ſmall 
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ſmall Artery at a great diſtance 
from the Heart continues bleeding 
ſlowly, all the Veſſels throughout 
the whole Body gradually contract, 
ſo that after many Pounds are eva- 
cuated, they may be as full as they 
i MW were at firſt, and conſequently the 
r Animal not ſo much as faint, the 
in Yefſels in the Bram being ſtill kept 
n- full, and the Spirits driven forwards 
in the Verves; nor can the Animal 
die till ſuch time as the eels con- 
ut tract no more. It is for this Reaſon 
ſo that we have no Obſervations, which 
n; give account of ſuch large Effuſions 
o- of Blood at Wounds of the great 
Arteries, as we have from the ſmall 
Veſſels of the Noſe, and from the 
Hemorrhoides; and therefore Do- 
ctor Moulims Determination of the 
Quantity of the whole Maſs of 
Blood, which is calculated from 
the Quantity voided at the Carotide 
and Jugular Yeſſels, is much leſs 
5 B 3 than 
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than what others from the Qbſer- 
vation of Hemorrbagies of ſmall 
Veſſels have determined it to be. 

This Contractive or Elaſtick Pow- 
er of the Veſſel is not equal in all 
Bodies; for in ſome it is greatly 
- diminiſh'd by the Viſcidity of the 
Blood, and the Obſtruction in the 
Fibres and Capillary Feſſels; and 
therefore ſome Men may die of 2 
much leſs effuſion of Blood than 
others, who perhaps may have a 
leſs Quantity of Blood. It is for 
the ſame Reaſon that ſome Perſons 
: faint upon opening a Fein of the 
Arm, -whilſt others do not. If this 
Elaſtick Power of the /efels is 
ſtrong and great, then as the Blood 
is let Out, the Arteries of the Pia 
Matern contract, and are kept full 
as well as the Coronary Leffels: of 
the Heart, and conſequently there 
is neither Blood nor Spirits want- 
ing for performing the Motion * 
Fre if d tne 


5 err 
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to cauſe a ſudden Contraction, and 
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the Heart; but it happens juſtother- 
wiſe, where this Elaſtick Tone of 
the Veſſels is wanting, that is, to 
ſuch as have a ſoft and looſe Fleſh, 
alax and cachectick habit of Body; 


and therefore when they require 


bleeding, it is convenient to ſtop 
the Blood at ſmall intervals, to give 
the Yefſels time to contract, before 
the fall Quantity that is deſigm d 
be drawn off; and if they are ready 
to faint; the ſurprizing them, by 
throwing cold Water in the Face, 


the putting of them into an hori- 
zontal Pofti * that the Heſſels of 
the Brain may fill, and the Blood 
from all the depending Parts, have 
a more eaſie Reflux, does prevent 


it. It is the want of the fame Energy 
of the Fefjels that cauſes ſome to 


faint upon any ſudden Evacuation 
by Urine, Stool, or any other ways. 


34 That 
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ko. fainting upon any ſudden or vio+ 
lent Evacuation, and not the draw- 
ing off of the Spirits (as is general- 
ly ſaid) appeats not only from this, 
that ſuch as faint upon bleeding at 
the Arm, do nat faint upon Cupping, 
tho the ſame, or a greater-Quan- 
tity of Blood be drawn off this way, 
but, likewiſe from the fainting of 
Perſons tapped ſor an Aſcues, if it 
happens, that too great a Quan- 
tity. of the Waters is drawn off at 
once. None can ſuppoſe that the 


as @ 6 I. A among a * 


| | Spirits, which are in the extrava- 
3 ſated Lympha, have an immediate 
| Influence | upan -. the, Nerves and 

Heart, that their Subſtraction ſhould 


preſently drain the Nerves: of Spi- 
rits; nor can any think, that the 
Spirits are ſo quickly ſpent, as im- 
mediately to ſuffer upon the account 
of the want of a Supply from an ex- 
travaſated Fluid: but the Caſe is this; 
4 In 
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inthe Humum Boch. 13 
so an Aſcites, the defcending Trunk 
of the Horta, and all its Branches 
being conſiderably comprefled, 'the 
Blood muſt neceſſarily dilate” the 
aſcending Branches beyond their 
natural Bigneſs; bur, hen the Wa 
ters are let out to any conſiderable 
Quantity at a time, the Blood has | 
2 more free Paflage-into: the de- | 
ſeending Frunk, the Sum of the 
Cavities of book: Arteries is aug- 
mented, and the Quantity of Blood 
chrown out every *Sy/tole not be- 
ing greater, the Arteries cannot be 
ſo: much dilated, and conſequently 
the Pulſe becomes ſmall and weak, 
and the Spirits therefore are but 
ſlowly propelled thro the Nerves, 
the Blood flows but in a ſmall 
Quantity into the Coronary Veſſels 
of the Heart, and conſequently a 
Hucope muſt enſue, till the + 
fels can recover their Tone, and 
the Blood in all the Arteries comes 
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he Nmuntity of Blood 
to an AÆquilibrium, and therefore 
it is neceſſary to rarifie the Blood, 
and rouſe the languid Motion of 
the Spirits by a Cordial; or to com- 
preſs the deſcending Trunk of the 
great Artery by compreſſing the 
Abdomen, as has been ſucceſsfully 
tryed by the learned Dr. Mead. 
That the Compreſſion of the de- 
ſcending Artery muſt throw a grea- 
ter Quantity into the aſcending 
Branches is demonſtration, and that 
this' Quantity is conſiderable, and 
does affect the whole Machine, is 
evident from the Fluſhing and 


Head- ach which ſome feel after a 


plentiful Meal, when the Stomach 
and Guts being loaded, prefs upon 
the deſcending Trunk, and con- 
tract its Cavity, which are the Cay+ 
ſes why a greater Quantity of Blood 
paſſes into the aſcending Trunks; 
on the contrary, if the Cavity of 
the deſcending Trunk ſhould be 4 
* lated, 


in 2 
n there will be a leſs Quanti- 
ty of Blood throw n into the aſcen- 
ding Trunks, and conſequently the 
Effects on the Animal Body muſt be 
at leaſt as ſenſtble. 

This contractive Power of the 
Veſſels ought to be duly: conſider d, 
before the leaſt — of Blood 
be drawn in moſt acute, as well as 
chronick Diſeaſes; for I could ea+ 
ſily ſhew how it may be loſt to a 
great Degree, in a few Hours. And 
in no Caſe whatſoever is the draw- 
ing off a large Quantity of Blood 
at a time juſtifiable, ſince it may 
be done more ſafely, and to as good 
Purpoſe at ſmall — Its % 
_— from the following. The- 57 in 
ry of Secretions, that both the "—_—— 
ſhore and the Quality of the 2% 
Secretions may be alrer'd by Bloods i: 4 
letting, and 5 — ore — 1 
Blood is upon a Ferment, and ge- 
nerates new Coheſions, of whole 

| $ Nature 
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Nature we are ignorant, it is 4 
Riſque, which without evident and 
cogent Reaſons ought not to be 
run. But to return, 

If we give any Credit to the Ob- 
2 ſervations of Phyſicians, we muſt 
believe the Quantity of Blood in 
the Humane Body to be above 25 
pound Weight. (a) Rulandus tells 
us, that he cured one of a bleeding 
at the Noſe, after he had bled in 
one Day about Ten pound Weight. 
() Petrus Borellus obſerves that a 
full bodied: Jovial Taylor loſt Ten 
pounds of Blood by the Hæmor- 
rhoxdes, and that he cured him 
with the Syrrup of dried Roſes. 
(ec) Sctlenchius quotes Montanus for 
one that voided Two pounds and 
more of Blood, by the Piles, every 
day for forty five days together, and 


(a Rulandus Curat. 57. Cent. x. 
(4) Cenr, iv. Obf. Lyiii. (c) Lib. tert. Obſ. clx. 


3 was 
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a was afterwards cured. - (d) Bartho- 
d lin ſays, that he ſaw, one vomit ſix- 
e teen pound of Blbsd' without the 


leaſt ill ny And he 
takes Notice -of one who bled 


| MW forty eight pound in three Days 
1 by the Noſe, from And. Argolus. 
5 WM (2) Schenchius has ſeveral Obſerva- | 
tions of profuſe Hæmorrhagies of the | 
p Noſe. He mentions a Nun of a | 
thin Habit of Body, who by bleed- 

ing at the Noſe, ſpitting of Blood, 
a and with Urine, voided eighteen 
pound of Blood; ſhe was cured by 
one Drachm of Philonium Perſicum. 
1 Braſavolus cured a Lady of a bleed- 
| ing at the Noſe; the Blood which 
r he weighed, beſides what fell upon 
] the, Ground, Linen and Cloaths, 
y was eighteen Pound. Marcellus 
d 


Donatus recovered one of a bleed- 
ing at the Noſe, who in two Nights 


(a) Cap. de Corde. 
ſe Lib. de Capite Obſ. ccexxxiii. 7 
| and 
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and one Day, bled above twenty 
pound Weight, as he found b 
weighing it. And at laſt he tel 
us of one who in fix Days bled for- 
ty pound at the Noſe. In the Aa 
Eruditorum Lipſiæ for tlie year 
1688, we have an Account of a 
young Man about 25 years of 
age, of a thin habit of Body, and 
a bilious Conſtitution, who after 
various Paſſions of his Mind - bled 


at his Noſe in ten days time 75 


pound of Blood, and was afterwards 
reſtored to a better health than he 
Nov if the Quantity of Blood in 


the humane Body was not conſide- 


tably greater than its common E- 
ſtimate, theſe Perſons could never 
have ſurviv d ſuch profuſe Effuſions 
of their Bload. All of them bled 


more than Dr. Moulin reckons to 


be in the Body, and many of them 
more, and almoſt double of the 
| largeſt 
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largeſt Quantity, which is allow d 
of by any: So that either ve muſt 
— theſe Matters of Fact, or we 
muſt own, that our higheſtEſtimates 
of the Blood fall much ſhort of the 
true Quantity. Without doubt 
Men differ in the Quantities of 
their Blood, as well as in theWeight 
of their Bodies: But none of theſe 
above-mention'd are noted to have 
been of a full habit of Body except 
Borelluss Taylor; and it is parti- 
cularly ſaid of the Nun in Stencli- 
us, that ſhe was a ſpare and thin 
Woman, and that her bleeding 
could not proceed from a Ple- 
hora. fy 
That the Quantity of Blood is 
. I conſiderably larger than the com- 
mon computation, will I think ap- 
pear if we conſider the Quantity of 
; 
| 


our dailyEvacuations, which in a ſet- 
tled State of health, when the Bo- 
dy is every day of the ſame weight, 

/ | | 1S 
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is the ſame in Quantity with our 
Food. Let us therefore ſuppoſe that 
we eat and drink four Pounds eve- 

ry day to ſupply our daily waſting, 
the Body may continue of the ſame 

| weight. This Aliment equally mix- 

. ing with the Blood, an being aſ- 

1 ſimulated to it, will with it be ſe⸗ 

1 cerned in the Glands, fo that both 

4 old and new will po off together; 

I ſhall at firſt ſuppoſe in Propor- 

tion to their Quantitys: Now in 

this Caſe, I would know how 
much of the old Blood remains 
in the Body after any certain ſpace 
of time. This Queſtion is the 
fame as if you would ſuppoſe a 


| fr Veſlel of Wine holding 200. quarts, 
1 and that out of it were drawn 4 
it quarts every' day, and conſtantly: 


18 filled up again with Water. ©ue- 
| ritur how much Wine will remain 
1 in the Veſſel at the end of 1 
itt number of days? 


FF WY 
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Let ABCD repre- 4 
ſent the Veſſel at firſt 
full of Wine, and 
then let the Quanti- B 


firſt Quantity of Wine will be to 
the Wine that remains, as the Veſ- 
ſel AC is to EC, that is as DC to 
FC; ſo that if the line ; 

G repreſent the firſt 
Quantity of Wine, | ] 
adifG H:: CD: CF, | ber 


ö | 


H will repreſent, the N 
temaining Wine af- "| 
ter the firſt drawin 

And being the Veel is ſuppoſed fo 
be filled up again with Water, and 
both Wine and Water equally mix- 
ed together; the Quantity of Wine 
that is drawn off the ſecond time, 
will be as the Quantity of Liquor 
that is drawn off; and the Quanti- 
ty of Wine chat remains, will be 
ss the Quantity of the remaining 
C Liquor, 


* 


ty AEFD be drawn out, then the 
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Liquor, that is as CE; or the Wind 
that remaius after the firſt” draw: 


ang will be to the Wine that remaity 
( after the ſecond drawing, as DC 
5 to CF. And if H: K:: CD: Cb, then 
K wil! repreſent the Wine remain. 
ing after the ſecond drawing, a and 
G, H, K, will be continual pro- 
portionals. After the fame manne 
if K: L:: CD: CF, Lwill repreſent 
| the Wine remaining after the third 
1 | drawing, and the Quantities which 

| ſhew what remains after each draw: 
Il ing, are the terms of a /er:es 0 
0 Geometrical Proportionals. 
111i No let us ſuppoſe the Quanti 
1 ty of Blood in the Body to be 
5 20 lib. then we have a ſerie 
of Geometrical Proportionals, whok 
common 7479 is 20 to 16, or ro to 
8. If therefore we take the fir 
Term to be 1, the ſecond Will be 


1. 25. whoſe Log. 0.0969100 mul t 
tiplied by zo (the — * of days 


in 


he hne Boch. 23 
ige fn 4 month) is 2.90% 300, which 
W fibſttadted from the Log. of 20 
an (theoniniber of Pounds of the Blood) 
DE. 1. 30 10 300, gives the Log. of 
e N nN Boo 
the 30% Term 8.39 37 3, to 
which tlie number anſwering in the 
Tables is 0.024758; and there- 
fore after 30 Days the Quantity of 
bid Blood remaining in che Body 
vill be rbe 0.024758 part of a 
Pound, which in 4 little more than 
three Drachms, This is a quick- 
er change of Blood than I believe 
er entered into che imagit ation 
of any mani; and I am apt ro'think 
bat every one who reads ft, will 
readily fave me the trouble of dif- 
proving what at fitſt ſight is alto- 
gether incredible. If therefore dur 
Evacuations are only from the Blood, 
he Quantity of the Blood mult be 
much more” than 20 lib. But 
thoſe ho aſfert that the Blood is 
20 lib,” only, will 1 fuppote ſay 


[7.3 thar 


_ —— — — — 


24 Of the Quantity of Blood 


that the great Quantity of qur E. 
vacuations comes from the decay: 
ing and waſting of the ſolid parts. 
Let us therefore ſuppoſe that a Bo- 
dy which contains 20 lib. of Blood 
weighs 160 lih. we will cxamin: 
how much of the old Body mult re 
main at the years end. If we walt: 
every day 4 pounds, the ratzo of the 
Terms will be 160 to 156, or 80 1 
78. If therefore the difference 
their Log. be taken and multipliei 
by 365 * days of a year, and th 
Produc. ſubſtracted from the Log 
of 160, there will remain the Log 
of the 365th term of the /erze 
which = the Quantity of th 
ld Body remaining, and it amount 
to 3 Drachms. Now can any on 
ro: | av that our Fleſh and folic 
Parts change almoſt all every year! 
And yet even in this Caſe ther 
will not remain at the years end 2: 
Grains of the old Stock of Blood. 


5 There 0 


in the Humane Body. 
There is one ching fart her to be 


EM confidered before this argument can 
be ſaid perfectly to conclude, and 
* that is, whether or no this great 


Evacuation may not proceed from 
our Aliment its ſelf. Ion I do 
think that it does in a great mea- 
ſure, and J am willing to make a- 
ny reaſonable allowances ſor it, and 
then let us ſee what the Conſe- 
one will be. I ſhall therefore 
uppoſe that of the 4 lib. which 
we eat and drink, 3 Jib. goes off 


the immediately, that is, the ſame day 3 
og and then the Caſe is the fame as 
gif our Suſtenance weighed only one 
0 pound, and our Evacuations were 
t 


of the ſame Weight. Now if up- 
on this ſuppoſition e enquire how 
much of the old Stock of Fleſh 
and Blood remains at the years end? 
the Anſwer will be little above 16 
lib. of which two pound is Blood, 
if that Was at firſt only 20 lib. 

fe: C 3 and 
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and 126 l. of ſulid Fleſbp 
have waſted inf a twelve 
time, uhick it is hard en 


or ſouls: ro-beheve. os $14 
But if we | puts this, Conkdare: 
tom of the greateſt t oi Our A- 


(| liment being excrementitious a lit 
V tle farther, : we ſhall find our Argu- 
| ment ſtill Rronger, For les us ſup- 
| poſe that + part of it only is fit to 


be affimulated into Fleſh we Blood, 


iþ amd undoubtedly conſidering om 
1 Food is partly made up of the Parts 
Fl of animal Bodys, and partly of Ve- 
getables, which are compoſed of 
Tubes analagous to thoſe. of the 
It!) animal Body, it muſt be grarized to 
be- a very fair allowance. And in- 
deed it can hardly be imagined that 
Nature in providing us with a proper 
Aliment, -thoukd- — 2 $0. 
mach, Digeſtion: and Blood with 
7 Parts in 5 of what was only fit 
foe 1 ebe eee, J ſhall 

1 fuppoie 


rA 


© 
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*. that only - lib. of what we 
eat and drink in a day is fit to be 
converted into good Blood; This 
half pound of treſh and good Blood 
thus purified from all excrementi- 
tious Particles, muſt neceſſarily be 


fit for all the uſes of the aa Mo | 


Body, and when converted into 
Fleſh, muſt remain good and found, 
without decaying, as lopg as any 
Parts can do. Thus thoſe Parts 
which have been longeſt in the Bo- 
dy will decay and waſte firſt, and 


thoſe Which were laſt added will 


remain the longeſt. If therefore 
the Body continues of the ſame 
Weight, there muſt go off half a 
Pound of the old Body ro make 
way for: the half — of 3 
nutritious Blood added every da 

and ſo in leſs than a year the Whole 
Body muſt be == 47 Thys 
have conſidered the. ſeveral ſources 
wich can be * to ſupply 


our 
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our daily Evacuations, and do find 
that apo _— poſition that the 
Quantity of Blood in the Body is 
no more than 10 lib. that . 
ſequences are ſuch às are beyond 
all Credit; for can any man be- 
lieve that either almoſt all che Blood 
changes every month, or all the 
ſolid Parts of the Body every year? 
and yet theſe are the Conſequences 
of ſuppoſing the Quantity of Blood 
to be but 20 lib. Weight. It does 
indeed neceſſarily follow from the 
foregoing reaſonings that the Body 
changes much oſtner than Mas com- 
monſy thought. The vulgar opi- 
nion gave 2 yeats to complete a 

thorough Change of rhe Body; 
but for any reaſon alledg'd it might 
as well wk requir'd 70,” Now it ap- 
pears that the Change is almoſt 
yearly, nor is where any thing in- 
credible in this, if we ſuppoſe that 
the Dull: of the Body is Blood, and 


that 


in he Humans Body). 
that the ſolid Parts, make up "I a 
very ſmall Part of it; and W 
ſoliq Patts, how great or little ſo- 
ever they ar e, ſeldom if ever 
change, ſome — incline me 
to believe 

For firſt, the Scars ob he! Cuts: 
which Children receive in their 
Fingers and Faces never wear out 
when they are old. The Marks 
of the Lance in bleeding always re- 
main in the Arm, as do likewiſe 
the Inciſions made by cupping. 
The Pits and Seams of the ſmall 
Pox in a Child of a year old, ſpoil 
the Beauty of the Face at fifteen, 
and add to the Wrinkles of old 
Age. Nay all theſe Marks and 
Scars, jalkead of wearing out, as 
the Skin extends they are every 
way extended with it; and a Scar 
which in a Child was not half an 
inch long, comes to be above an 


inch whett! the Perſon is at full | 


growth ; 
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growth; and as it ſtretches in length 
ſs it does in width proportionably. 
Now if the ſolid parts of the Body 
were' continually waſting and chan- 
ging, theſe Cicatrices would daily 
grow leſs and leſs, and at laſt to- 
tally diſappear ; new Particles filling 


up the place of the wounded ones 


as they decayed; but we find it 


quite otherwiſe, ' and therefore the 


Parts in which theſe Wounds were 


made always remain the fare. 


Another Argument to prove that 
the ſolid Parts of the Body are al- 


ways the ſame, may be drawn from 
the Spots and 


and other Mixtures, ſuch as are 


uſed in ſtamping the Skin at Jeru- 


ſalem, or as ſome Indians uſe in 
ainting of their Bodies, and ſome 


| ongſt our ſelves to make Spots 
in their Hands. For if the ſolid 


ich theſe 
Mixtures 


Parts vhich are tinged , 


Stains which are 
made in the Skin by Gun- powder, 


N— — - 


in — 7 
Mixtures waſted and decayed, the 
colouring would with — likewiſe 
decay. The new Particles which 
are ſu ſed to come in the room 
of the old decaying ones, tho they 
may have the ſame Figure and Di- 
menſions with thoſe whoſe places 
they fill up, yet they cannot be ſup- 
poſed to have the ſame artificial 
Tincture: But theſe Stains general- 
ly remain for ever; and therefore 
the Parts ſo ſtained, are always the 
Ml fame without changing. — all 
v which it follows, that our Bodies 
change much oſtner than was ever 
magined; that this Change is not 
of 1 ſolid Parts of the Body, but 
Jof the Blood; and that the Quan- 

- Þf tity of Blood mult be vaſtly greater 
than the common Computation 
makes it to be. If it ſhould be ob- 
jected to this quick Change, that 
we ſometimes find it very nh af- 
ter many years application to cor- 
r „ 
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and amend. a vicious Crafis of rhe 
Blood; the Auſwer is Faly, That 


As the new [uices' mix with the old, 
they are aſſimulated into'rhe Kante 
nature with the old, and ate taint- 


ed with its Quiltties: A little Fer- 


ment will affect a great Maſs of Fly- 
ids; and from thence it comes, that 
in ſome chronick Diſtempers, in 
which the Blood is apt to breed the 
ſame vicious ſort of Humour, af- 
ter a long and judicious Regimen 


carefully obferved, when the Blood 
is purified, and the Body reduced 
1 a good State of Health; yet if 


the Wantity of a Grain remain of 
the noxious Humour, that ſmall 
Quantity will in proceſs of time 
taint the whole Humours in the Bo- 


dy, and the Diſtemper return as 
bad as before, . Now tho” the old 
Stock of Blood (as] has been ſhewn) 
daily leſſens, yet it never can be 
totally purged out of the Body; ; for 


being 


n — 
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i being equally mix gd and diluted with 
(che ges Blood, ſome of it mult al- 
e vays remain, whillt there is any of 
the other. And from thence pro- 
-ceeds the Difficulty of rectifying 
ſome bad Conſtitutions, the ſame 
e Gi be grove aac 
you, reduce it never ſo low, unleſs 
it is totally eradicated; and that it 
never can be totally eradicated by 
by all or any one ſort of Evacuation, 
is likewiſe evident from what has 
been ſaid. Indeed Salivating, or 
proper Purges adapted to the na- 
ture of the Humour, when the Blood 
overflows with it, may at firſt be 
abſolutely neceſſary, and cut off a 
great deal of labour; but then as 
the Humour grows leſs, every days 
Evacuation carries off leſs and Jeſs, 
aud can, never poſſibly draw all off. 
If therefore we woul complete the 
Cure, che Patient muſt continue a 
long time in the uſe of alterative 
Medicines, 
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Medicines, that the Natute of that 
Humour may be changed' which 
could not be carried off, 

Having therefore ſufficiently pro- 


ved that the Quantity of Blood in 


What is 


here 
meant by 


Blood. 


the Humane Body muſt be much 
greater than the common Eſtima- 
tion: I ſhall in the next place en- 
deavour to fſhew how much at leaft 
it 18. 488 n 

By Blood I underſtand not only 
the Fluid in the Veins and Arte- 
ries, but likewiſe that in the Lym- 
phedntts, Neroes, or any other Veſ- 


el of the Body, becauſe they are 


all Parts of the Blood, ſeparated 
from it by the force of the Heart, 
and many of them by the ſame 
force return to it again; and there- 
fore, when I ſpeak of the Quantity 
of Blood in the Body, I would be 
underſtood to mean the Quantity of 
circulating Fluids, of what kind fo- 
ever they be: At other times ſhatl 

uſe 


S = 


6 8 
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uſe the Word in its common Sig- 


nification. : 


I ſuppoſe the whole Body is no- 7}. whe 
thing but Tubes or Veſſels full of g. 
Blood or Liquors ſeparated from it. Vee 
This is now agreed on by all who. 
underſtand the Fabrick of the Bo- 
dy, and is evident from nice Mer- 
curial Injections of the Veſſels, and 
may be plainly ſeen by Microſcopes. 
Leeuwenhveck ſays, that there ſeem- 
ed to be above oO Blood-veſſels 
in the ſpace of g of an Inch ſquare. 
Yon cannot prick your Finger with 
the fineſt Needle but it wounds a 
Blood-veſſel. The Fibres of the 
Muſcles: (which make by far the 
greateſt part of the Body) are full 
of Blood, and the Fibres of the 
Bones, are not without their Fluid, 
as 1 ſhall ſhew afterwards. 

I therefore conſider the Feels 22. pr 
full of Fluids, as ſo many ſolid C- 


F the Fluids 
hinders, and the Coats of the Ye/> :::b-Ve/* 


ſels. 
ſels; 
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ſels, as ſo many concave Cyhmder; 

of the ſame weak wg whole propor- 

tion to one another may be thus e 

| determined. Let ABMF 

H repreſent the circu- Iv 
lar Section of a Veſſeh Mr 
of which call the Diame- t. 
ter AB, a, the Diame-Wt 
ter cd of the Cavity, g 
66. Circles being to one tl 
another as the Squares of their Di-Ntc 
ameters, the Square of the whole MP 
Section is a, the Square of the Ca- 
vity is 2 —2 a b , which being 
ſubtracted from the Square of the 
whole, there remains 2 a U pro- 
portional to the annular Space 
ABGH c4fE, and conſequent- 
ly in a Body compos d of ſuch /e/- 
ſele, filled with Fluids, the Fluids 
will be to the Solids, or Coats of 
the Veſſels as a 2 ab+d+ is to 240 


Now 


in Ihe Franz Body. 


eaſie tg determine the Quantity of 
Blood in the Animal Body. But 


teries have a greater Proportion to 
e- their Cavities, than the eins have 
e-ſſſto theirs; and theſe again have a 

„greater Preſto to their Cavities, 


ne than the 


le Pr of the 050g ano- 
ther of the Fibres of the Muſcles, 


Bones; all which ought to be known 
defore the Quantity of Blood in 
the animal Body, can be ea 
determin d. 

The thickneſs * thei Coats of 
he Blood. veſſels may be thus ex- 
Gly found, slit a piece of a Blood+ 
eſſel, and reduce it to the Form 
ff a Parallelogram, then weigh it 
n Water, and by chat n; ieans find 

W D the 


we find, that the Coats of the Ar- 
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Nou if the whole Body was com- yore 
poſed of Veins or Arteries, it were Lal. 


mphatick Veſſels have 
i-Wto theirs; and there may be one 


and another of the Fibres of = 


Land _ 2 — hy —— 


| 
38 Of the Quamtifyof Blood 
the Weight of Water equal to itin 
bulk. This Weight reduced to de- 
cimal Parts of an Inch call, 4, and 
ſuppoſe the length of the Baral 
Aae to e; and its breadth 
=c, its thickneſs f. Then dec, 

and conſequently == = f the thick- 
neſs of the Coat of the /efſel, 

75-170. Thus a piece of the Horta of 


ortion of 


e a Calf f — be equal to 
dum o. oy rby parts of an Inch WaZ- 
| kg. ber; 1 . was 1.1, its bitadth 
ene, 1.28, abd therefore its thidkneb 
; was 0:05T. The Diameter af the 
| Cavity of this. Artery was 0.407. 
and conſequently a 246 + bequal 
to 0.165649, and 2 4 equi 
to 0.093432, and therefore if the 
whole Body was compoſed of Arte- 
ries or Veſſels which had the ſame 
Proportion to their Cavities,- as the 
Arteries have to theirs, the Blood 
would be to the ſolid part of the 
| * Body, AS 17 0 15, and 2 Body 
ö weighing 


| 
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weighing x60 Pound, would have 
100 Pound of Blood. —_ 

After the ſame manner I found 7% Pe- 
that the thickneſs. of the Coats of. Bl 
che Jena Cava of the ſame Calf , 
vas 0.0097. The Diameter of this gef 
Lein was o. 617, its Square 5 
0.380689, and 2 ab—= o. 0243- 
1596. If therefore the Body was 
compoſed of Veſſels whoſe Coats 
had all the ſame Proportion to their 
Cavities, that the Coats of the 
Veins have to theirs, the Blood 
vould be to the ſolid part of the 
Body, as 15.6 to I, and in a Bo- 
dy weighing one hundred and ſixty 
Pound, there would be above one 
hundred and fifty Pound of Blood. 
It is to be obſery'd, that theſe 55 f 
Proportions of the thickneſs of the . Blvd 
Coats of the Veſſels to their Cavi- apa 
ties were taken when the Feſſels f er. 
vere empty, and conſequently when  Die- 
the Coats were thickeſt, and the e Bae 

D 2 Dia- Fe. 
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Diameter leaſt, for all the Veſſel, 
eſpecially the Arteries, ſhrink and 
contract when they are empty. Let 

us ſuppoſe the Diameter of the Ca- 
vity of the Artery which was 0.407, 
to be encreaſed o. 1, the Square of 
this Cavity would be o. 257049, 
and conſequently the Blood would 
be to the ſolid part of the Body, 
as 2:7 to 1. If the Diameter were 
increaſed o. 2 the Blood would be to 
the Veſſels, as 3.9 to 1. If o. 3, it 
would be as 5.3 to x. From theſe 
Proportions one may judge more 
exactly to what Degree the Blood 
is heated or rarified in inflammato- 
ry Fevers, by the Largeneſs of the 
Pulſe: As alſo how ſmall a Quan- 
tity of Blood muſt be thrown out at 
the Heart every Sy/ole in languid 
Fevers when the Pulſe is ſmall. 

2 It is furprizing to ſee how little 

2 the encreaſe of the Diameter of the 

Auen. Cavity of the Artery diminiſhes the 

rh... * thicknels 
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thickneſs of its Coats; for if we 
add to the Square 0.257049, the 
annular Space, which we found 
to be 0.093432, then o. 350481 


is the Square x, the Diameter of 
the whole Artery, that is both of 


its Coats and Cavity. The Square 


Root of this Number is 0.592, 


from which if we ſubſtract the Dia- 
meter of the Cavity, there remains 
0.085, the half of which 0,042 5 
is Ci thickneſs of the Coat of the 
Artery. Thus I find that the Dia- 
meter of the Aorta may be encrea- 
ſed eight times its firſt bigneſs be- 
fore its. Coats become ſo thin as the 
Coats of the Cava. This ſhews how 
prodigiouſly Aneuriſms may dilate 
the Arteries; and how when 2 large 
Trunk of anArtery intheArm, Leg, 
or Thigh, is tied, the ſmall Arterics 
(which all communicate with one 
another) may. dilate to carry on 
Re Grealation, of the Blood. 
D 3 The 
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The next fort of Veſſels I come 
to conſider is the Fibres. of the 


1:4; Muſcles, which tho they may be 


of the 
Muſcles. 


more bulky, yet they cannot be 
more numerous than the Arteries ; 
for every Fibre muſt have at leaſt 
one Artery, and it is probable it 
has ſeyeral. They aer doubt 
have conſiderable Cavities, being 
they ſwell, are blown up, and there- 
by conſiderably ſhortned when the 
Muſcles act. And their ſides can 
be but thin, or elſe they could not 
be diſtended by ſo ſmall a Force. 
Beſides the Blood appears as plain- 
ly thro' them, as it does thro” an 
Artery of an equal bigneſs, and 
therefore we cannot judge their 
ſides to be thicker than the Coat 
of an Artery of an equal bigneſs 
The Proportion of the thickneſs of 


their ſides to their Cavities is not 


to be taken after the manner we 


n 
have done thoſe of the Veins and 


Arte- 


— 
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Arteries; but that we might make 
ſome Eſtimate of it, I made the 
following Experiment. 
I took a piece of the Inteſtine of 
a Dog, with part of the Meſentery 
and Pancreas Aſellu, and having 
carefully emptied it of all its Con- 
tents, I weighed it exactly with 
all the Blood in the Veſſels, its 
Weight was one Ounce and a half, 
one Drachm and eighteen Grains; 
then] injected warm Water into the 
Artery, and having ſufficiently waſh- 
ed out all the Blood, I blew it up, 


and hung it up to dry in the Shade ; 


after it had dried about a Week, 
I weighed it again, and irs Weight 
was two Drachms, two Scruples, 
and eleven Grains: By which it ap- 


pears, that it had loſt 627 Grains, 


and that there remained only 171 
Grains. Now this Loſs could be 
only of the Fluids, which being di- 
lated with the warm Water, were 
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the more eaſily evaporated, and 


therefore if the Blood in every part 


of the Body bore the ſame Propor- 
tion to the ſolid part, that it does 
to the ſolid part of the Inteſtines, 
their Proportions would be 3.6 to 
x, and a Body weighing one hun- 
dred and ſixty Pound would con- 
tain one hundred and twenty five 
Pound of Blood, ſo that even the 
Fibres of the Muſcles are leſs ſolid 
than the Arteries. But the Fibres 
which perform the Periſtaltick Mo- 
tion of the Inteſtines, are not fo 
{ſpongy as the Fibres of the Muſcles, 


for we find them firmer and hard- 


er; beſides, if we conſider that the 
Periſtaltick Motion is perfarm'd by 
a very ſmall Contraction of the 
Fibres, for which a very ſmall In- 


flation will ſufſice; but the Contra- 


ction of the Fibres of the Muſcles 
being great, they mult be conſide- 


ably inflated, and, conſequently 


more 
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more ſpongy, and capable of re- 
t ceiving a larger Quantity of Blood, 
$ 


than the Fibres of the Inteſtines ; 
s and therefore it is evident, that in 
„ che Muſcles which makeup far the 
Q I greateſt part of the Body, the Pro- 
portion of the Blood to the ſolid 
- WM Fibres muſt be above 3.6 to 1. or 
e almoſt as 4 to 1. 4 
e To know what Proportion the 974. 
d Fluids of the Nerves bear to the ſo- Hal 
lid part of the Nerves. I dried a N, 
piece of the Medulla Spinalis with- 
out any Art or Preparation, except- 
ing the ſlitting of it; and I found 
that it loſt near aths of its Weight, 
ſo that it appears, that even the 
Nerves are not more ſolid than the 
other Parts. And as to the Lym- 
phatick /e//els, I believe every one 
will eaſily agree that the Fluids in 
them bear a much greater Propor- 
tion to their Coats, than what has 
yet been found, 
. The 


46 Ofthe@uantityof Blood 
dle. The Bones of all the parts in the 
| J Body ſeem to bid the faireſt for So- 


Bine, lidity, and yet even their Fibres are 
11 not without their circulating juices; 
|fl what elſe is the Callus which unites 
and cements the Extremities of bro- 

| ken Bones? In it there are no Fi- 
il bres, nor parts to be diſtinguiſhed, 
0 but it appears like an uniform in- 
ii piſſated Juice. At what ever time 
if or age the Misfortune of a broken 
1 Bone happens, this Juice is always 
[ at hand, which ſhews, that it is al- 
| ways circulating, tho lowly : If it 
ſtagnated, it would harden, as it 
does when it is extravaſated; and 
fl forms a Callus; and conſequently 
0 all the Paſſages being obſtructed, 

| no broken Bone could unite. This 
Juice is like to the viſcous Sap of 
Trees; for without doubt a Fluid 
may move as eaſily thro' the Fibres 
of the Bones, as thro” the Fibres of 


an Oak, The Excreſcencies of the 
very 


very Subſtance of the Bones, their 
Nodes, Swellings, and ſoftning like 
Wax, of which there are ſeveral in- 
ſtances to be found in Authors, e- 
ven of Perſons grown in Years, do 
ſufficjently evince a fluid circulating 
thro' their Fibres. No doubt but 
that the older we grow, the nar- 
rower are the Channels of the Fi- 
bres, the viſcid Fluid hardening to- 
wards their Sides, and after Death 
intirely obſtructing them, fo that 
the whole Fibre appears folid ; but 
ſtill it is really no part of the Fibre, 
no more than the Cruſt with which 
ſome Waters line the Pipes thro 
which they run, is part of * wood- 
en or leaden Pipe, or the Glew in 
which a Sponge has been ſoaked, 
can be ſaid to be part of the Sponge: 
And as theſe may be taken out, 
without taking away any of the 
Subſtance in which they are con- 
tained, ſo likewiſe may this Fluid 

in 
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in the Bones. What elſe is the 
Jelly made of Harts-horn, but a 
Fluid extracted by boiling Water, 
the Fibres. and Subſtance of the 
Horn ſtill remaining undiſſolved? 
Is not the Jelly extorted by Pap's 
| Digeſter out of dry and folid Bones 
1 the ſame Fluid? That Imight know 
lf what Proportion it bears to the Fi- 
ll bres of the Bones, I cauſed the 
| Bone in the Knuckle of Beef, be- 
l ing firſt boiled and the Marrow. ta- 
| 
| 
f 


ken out to be put in the Digeſter. 
Before it was put in, it weighed 
22 Ounces 6: Drachms, when i it was 
taken out and dried, it weighed 11 
Ounces 14 Drachm, fo that it loſt 
aboye half its Weight; and yet the 
Texture of the ſmalleſt Fibre; in the 
moſt ſpongy part of the Bone was 
not broken, and the middle or more 
ſolid part appeared to be made of 
Parallel Lamine, . of which four or 
fe would hardly exceed the t 
nels 
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in the Humane Body. 49 
neſs of a Sheet of Paper. And I I 
doubt not but that if the Experi- l 
ment had been made upon yonng- x 
et Bones, the Proportion of the | 
Fluids to the ſolid part would | 
have been found to be much great- 
er. Now if the Bones contain ſuch = 
a Quantity of Fluid, what do the "x 
Tendons, Membranes, Ligaments 
and Cartilages, which are much 
ſofter Subſtances, and which upon 
boiling likewiſe yield a Jelly > And 
is not Glew which is extracted ont 
of the Skins of Animals ſuch a fort 
of Fluid? So that it is highly'pro- 
bable, that there is not a Fibre in 
the whole Body, in which ſome 
Fluid or other does not circulate, 
but which hardening after Death, 
and perhaps ſome part of it before, 


no Elixation whatſoever can ex- 


| trad. | De Coars 

Jy 1 4 * 7 WP 4 $4 of the Veſ- 
Thus have T'confider'd the feve-/ com: 

” I ral forts of Subſtances in the Body, lf 
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50 Of the Buantity af Blaod 
and ſhewn what Proportion the Flu- 
ids in each of them bear at leaſt 
to their ſolid parts; I ſay at leaſt, 
for no Preparation nor Art can ex- 
tract a Fluid ſo viſcid, and ſo apt 
to harden, as the Blood is, out of 
the innumerable Meanders of ſuch 


infinitely ſmall /efels. I have al- 
ſo ſuppoſed the Coats of the /erms 
and Arteries to be perfectly ſolid, 
that is, without Fluids, whereas it 
is evident to the naked Eye, and 
agreed on by all Anatomiſis, that 
they 


are compoſed of Myriads of 
Veins and Arteries, What an in- 
numerable company does an inflam- 
mation of the Eye ſhew upon the 


Tumca Comunttwva? and are there 


not many more to be diſcover'd b 
Microſcopes, and the finer the Glat- 
ſes are which we uſe, {till the-more 


Veſſels we diſcover; ſo that if we 
can ſee no more, it is only becauſe 
our Glaſſes are not better. Who- 
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in the Hemant Body. 
ſoever is acquainted with the Pre- 
parations of the curious Dr. R 
would be apt to believe that the 
whole Body, and all its Fibres were 
nothing = Bhod-Veſſels. 

A ene, che e of a GR 
weighed 240 Grains, when dried 4% 9 
it weighed 80 G ſo that from 5; 7 
this Experiment it appears, that the 4 
Blood in the Coats of the Arteries a abs. 
is to the Coats as 2 to x, which is —⁴. 
agreater Proportion than the Blood 
in the great Arteries bears to their 
Coats, and yet we cannot ſuppoſe 
that any more than the thin part of 
4 — A 1er: 

Now therefore: ſuppoling - that - eneral 
the Veſſels are made up of others, Ace 
fall of Fluids, and that there is 7 
the fame Proportion of the Flu- i4 i»:t- 
ids to the ſolid parts in each . F 
of them; the Quantity of Blood 
in the Body may be thus deter- 
mined. = Is Annular Space 


GABH, 
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GA BH, Ecf4, be to 
the whole Circle AG 
BH, as 1 to a, then in 
ha Body compoſed of ſuch 
Dieſſels filled with Fluids, 
the Fluids will be to the 
Solids (if the Annular 
Space is ſolid) as a—1 to 1. But 1 
if this Annular Space is likewiſe 
compoſed of the ſame ſort of Ve, 
els, then in the whole Body the 
Fluids will be to the Solids as a*—r 


to 1: and again, if theſe lefler /e/: 
| ſels are compoſed of others {till leſs 
| than themſelves, then the Fluids 
| will be to the Solids as a&—1 to 1: 
and if there ſhould be four ſuch or- 
| ders of Veſſels, the Fluids will be to 
the Solids, as 3 — 1 to 1, if five, 
as 4 — 1 tor: if ſix, as 2 — 1 to 1: 
| ſo that the Proportion of the Flu- 
ids to the Solids may be increaſed 
| in infintum. In the Arteries a is 
equal to 2.7, in the Heins it is e- 


qual 
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to 16.6, and: according to the 

nt Series of Veſſels, the Blood 

vill be to the ſolid part of the Bo- 


dy in ale W 5 3 
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If che Body is compoſed of Ve: That al 


ſels, whoſe __ are made of other ror 
Veſſek, and theſe again of others, ; 7" 5 Hh 
as has been ſaid; then the Bodies gr9w:b 


50 
of the Auimacula in ſemine, or the mrethas 
Prima Stamma Viie may be increa- #7 us 


ſed to any bulk, and the Coats of . 


the Veſſels lo far as we can diſcern mine. 

grow thicker and thicker, without 

the Addition of any Subſtance. to 

the Veſſels, only by increaſing the 

Qantiry of Fla, with which they 
E 


are 


Veſſels are compoſed of ſmaller Ve 


are filled. For as the large Yeſſth 
ſwell, fo likewiſe muſt the - (mal 
ones, of which their Coats are con 
poſed, down to the very laſt; and 
the ſwelling of the ſeveral Orden 
of Veſſels muſt neceſſarily increaſt 
the Thickneſs of the Coat of tha 
Leffel which they compoſe; So that 
by increaſing the Number of th: 
Orders of the /e/els, the Coats o 
the firſt Order of Veſſels may bi 
increaſed to any Degree, and ya 
the Diameter of the Veſſels which 
compoſe theſe Coats not greate 
than a given Line. 

That the Coats of the gres 


ſels, is Matter of Fact; and we knov 
nothing to the contrary, but thaWx 
theſe ſmall /eſels may be compe 
ſed of others ſtill ſmaller tha. 
themſelves. We know not hoi 
many Laming or Folds there arei 
any Membrane of the Body. Tha 
wg excellent 


excellent Anatomiſt Mr. Cowper in- 
forms us, that every Membrane is 
Veſicular, and may be blown into 
innumerable Cells. That tranſpa- 
rent Membrane the Cornea of the 
Eye conſiſts of as many 2 
Lamm#, as the niceſt Hand of the 
moſt expert Anatomiſt can raiſe. 
Thatdelicatethin Membrane which 
involves the Brain, divides its ſelf 
into two Lamme. And it is very 
probable, that the Hydatides, of 
yhich ſeveral are found within one 
another, are nothing but the Coats 
f the Lymphatick Veſſels, diſten- 
ded and ſeparated by the Lympha, 
ad yet it is hard to conceive any 
hing thinner than the Coat of a 
Lympheduct, which is not viſible 
but when it is diſtended with Lym- 
ba. If we know not the Num- 


Ver of Laminæ which compole the 
"BMembranes, how can we reckon 
he Number of Fibres, of which 
1 * the 
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the Laminæ conſiſt > Or how ſhould 
we diſcover the Number of Fibres, 
of which each Fibre is made up? 
Leenwenhoeck tells us, that the Fi- 
bre of a Muſcle which was nine 
times ſmaller than a hair of his 
Beard was made up of a hundred 
ſmaller Fibres, and yet each of theſe 
muſt have had Nerves, Veins and 
Arteries, and perhaps cach of them 
made up of a Landed more: For 
how many Series of /eſſe/s any 
one Veſſel is made up of, is what 
no Microſcope can diſcover ; be- 
cauſe only one Order can lie at a 
time in the Focus of the Glaſs, and 
if more could, their ſeveral Refra- 


ctions would confound the Sight. 


As it is certain that all the Jar- 
ger /eſſels are compoſed of leſſer 
ones, and highly probable that 
theſe leſſer are made up of ſuch 2 
are {till leſs, and that Mare may be 
ſeveral gradations of . Veſſels — 

| than 
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than one another in the Fabrick 
of every larger Veſſel; ſo there are 
ſome inſtances which ſeem to prove 
that the parts of the Body may be 
increaſed almoſt to any bigneſs with- 
out the addition of any ſolid Sub- 
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ſtance, only by the ſwelling of the 


ſeveral orders of Feſſels. I hall 
give one very remarkable and evi- 
dent inſtance of this kind, and that 
is the LNerus, which in Geſtation 
is diſtended to a very great degree; 
and as it increaſes in bulk, ſo its 
Coats grow thicker and thicker; 
and yet all this is without any ad- 
dition of Subſtance to that of the 
Womb, its /eſſels being only ſwel- 


led by the Affluence of Blood; for 


after Delivery theſe /e/els ſubſide 
again, and the Womb becomes leſs 
again; tho? not ſo little as it was 
at firſt, becauſe the Veſſels of which 
it is compoſed are more dilated, 
and the Blood ſtill maintains a freer 

E 3 Circu- 
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Circulation than at firſt. Another 
inſtance of this kind is the Breaſts, 
which are increaſed conſiderably 
by the Flux of Milk, and which 
ſink again as the Milk goes away. 
We might likewiſe obſerve that in 
an Aſcnes as the Peritoneum is di- 
ſtended, ſo it increaſeth in thick- 
neſs; and thoſe Who are conver- 
ſant in Diſſections, know that all 


; Membranes which are preternatu- 
rally diſtended, become always pro- 
portionably thicker, 
| f all the folid part of the Body 


but Bi. was contained in the Auimalcule, 
fention. then Accretion arid Nutrition are no- 
thing but the Repletion and Di- 
ſtention of the 2 els, and it is 
eaſie to conceive how Helmont's 
Tree grew from' five Pound Weight 
in five Years time, 'to one hundred 
and ſixty nine Pound, only by the 
addition of Water. Nor does this 
at all contradict the Ingenious 
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Dr. Wordward's Experiments con- 
cerning Vegetation, but his Expe- 
riments are rather a Confirmation 
of this Doctrine. For the fewer 
terreſtrial Particles are contained 
in the Water by which any Plant 
is nouriſhed, the quicker the Wa- 
ter paſſes off thro? the Pores or Ex- 
cretory Ducts of the Plant, and 


conſequently the leſs the Veſſels are 
diſtended; but if the Water is im- 


pregnated with a large Quantity of 


terreſtrial Matter, it cannot paſs 
off quickly, but being retained in 
the Plant, the Veſſeis mult be di- 
ſtended, and conſequently the bulk 


of the Plant increaſed. That the 


fewer terreſtrial Particles the Wa- 
ter contains, the quicker it paſſes 
off, is evident from Experiments: 


39 


For two Plants of Mint near of the 


ſame Weight, ſet at the ſame time, 
the one in Rain-waterand the other 
in Thames-Water (which is more 

E 4 copi- 
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ouſly ſtored with terreſtrial Matter) 
this did thrive to almoſt double the 
bulk of that, and with a leſs Ex- 
pence of Water; yet the Experi- 
ments do ſufficiently evince, that 
Plants require a proper Nouriſh- 
ment, as well as Animals, without 
which they can never kindly thrive, 
For Life is continued, and all its 
Functions performed by the ſtrain- 
ing off of 12 eral ſorts of Juices from 
the common Fluid, which in Ani- 
mals is called Blood: But if this 
common Fluid cannot afford theſe 
Juices, or is not fit to be turned in- 
to them, then that Body whether 
vegetable or animal, — turn ſick- 
ly, and at laſt die. Some ſorts of 
Water are more eaſily tranſmuted 
into the ſuices of ſome Plants than 
others, for we {ce ſame love a very 
dry and ſome a very wet Soil, and 
— will grow in Water alone, and 
therefore it was that Helmont's we 

OW 


— 


nan, 4 eas a am Od wi. Ln oo oo 9 EV 


— — —¼ — 


in the Humane Body. 61 


low Tree grew to ſuch a bulk. 

If the moſt proper Food can on- A cou 
ly diſtend but not increaſe or add era. 
to the Subſtance of the ſolid part of 
the Body, how much more reaſon- 
able is it to ſuppoſe that no Matter, 
howloever diſpoſed, can at firſt 
frame theſe ſolid parts, without an 
Omnipotent Power immediately a- 
ctuating it. ä | 

And does not all that has been 2 
ſaid demonſtrate not only the Poſſi-cA. 
bility but likewiſe the great proba- , 
bility of that Suppoſition, which Bc. 
the Reverend and Learned Mr. Car“ 
uſes to ſhew the Poſhbility of the 
Reſurrection of the ſame Body; 
for if all the ſolid parts are no 
more than the Original Hamina, 
and all Nouriſhment only a Fluid in 
a perpetual Flux, then no part of 
an animal Body can become part 
of another animal Body; but the 
Body is always the ſame, from 

rae 
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the firſt Moment of Life to the 
laſt. ud SA SBA 543; 

Oe. But whether the Coats: of the 

be Fas Veſſels are compoſed of others, or 

He not, the ExperimentsI have brought 

fromthe do clearly demonſtrate that the 

Ole Fluids in the Body are to the Solids 

at leaſt as 3.9 to t, and therefore 

in a Body weighing one hundred 
ſixty Pound, there muſt needs be 
one hundred twenty ſeven Pound 
of Blood. From which Quantity, 
that I may put the matter out of 
all manner of Diſpute, I ſhall de- 
duct the Weight both of the Fat 
and Bones, tho? I think that ſome 

Arguments might be alledged to 

prove that even the Fat circulates, 

and I have already ſhewn that there 
is a Fluid in the Bones. 

In a Body weighing one hundred 
ſixty Pound, I ſhall ſuppoſe that 
the Fat is an Inch deep all round 
the Body, and in fuch a mean 
| | Weight, 
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Weight, I believe this will be ſuf- 


fcient to anſwer for all the Fat eve- 


ry where elſe. Dr. Wamewright 
reckons the Surface of the Body 
meaſures fifteen ſquare Feet, and 
therefore the Fat muſt be one hun- 
dred eighty cubick Inches. Now 
a cubick Inch of Fat weighs about 
half an Ounce or ſomething more, 
and therefore the whole Fat of the 
Body of a Man weighing one hun- 
dred fixty Pound is ninety Ounces, 
or five Pound ten Ounces ; but I ſhall 
ſuppoſe it to be ſeven, and that the 
Bones weigh twenty Pound, and 
there remains one hundred Pound 
for the Quantity of Blood in a 
Man weighing one hundred ſixty 
Pound. | | | 
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\ 2 a= LL who have wrote of 
the Velocity oftheBlood 
3 2 ace the Diſcovery of 
Wl its Circulation by the 
—_— Harvey, have conten- 
ted themſelves only to calculate the 
Quantity, which paſſes through the 
the Heart in ſome determined time: 
But none has as yet given us the 
abſolute Velocity with which it is 
thrown out of the Heart, runs 


through 
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of the Blood. 


through the Horta, or any of its 
Branches. Many have indeed ſpoke 
of the rapid Motion of the Blood, 
and that it muſt be much greater 
near the Heart, than in the Extre- 


mities; but how much greater it is 


in that than in theſe, or whether 

it moves through the Horta, at 

the rate of 5, 10, 100, or 1000 

Feet in a Minute, is what has never 

] as yet been determined; tho' next 

to the Circulation of the Blood its 

ſelf, it ſeems to be a thing of the 

greateſt Moment for explaining of 

the animal Oeconomy. After the 

Motion of the Blood was once de- 

termined, methinks it was but na- 

tural to have enquired in the next 

place with what Degree of Veloci- 
ty it mov'd. . 

The Velocity of the Blood in the 
Aorta may be thus determined. 

The Velocity with which a Flu- 

id flows out of any Orifice 2 

7 
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ly and always running in the ſame 
Quantity, is equal to the Velocity 
of a Body which deſcribes a Space 
of the ſame length with that of a 
Cylinder, whoſe Baſe is equal to the 
Orifice, and whoſe Magnitude is 
equal to rhe Quantity of the Fluid 
that runs out in the ſame time, as 
tis evidently ſhewn in the Lectione: 
Phy/ice Jo. Keil, pag. 114. Now 
ſuppoſe the Heart contracts eighty 
times in a Minute, and that each 
Contraction throws into the Horta 
one Ounce of Blood. An Ounce 
of Blood is equal in bulk to 1.659 
inch, and conſequently 8o Ounces 


are 132.72 inches. The Diame- 


ter of the Aorta in a middle ſiz d 
Man, I have found to be o. 73 parts 
of an inch, and therefore its Ori- 
fice is 0.4187, by which divide 
132.72, the Quotient 3 16 inches 
or 26 feet gives the length of the 
Cylinder, or the Space through 

which 
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which the Blood will go in a Mi- 
nute, ſuppoſing it were conſtantly 
going out of the Heart with the ſame 
Velocity: But becauſe of the Dia- 
ſtole of the Heart, which is at leaſt 
is two thirds of the time of a Pulſa- 
d tion, there goes out 80 Ounces in 
s athird of a Minute, and conſequent- 
ly the Velocity of the Blood is at 
leaſt thrice as great, or ſuch as will 
make it to move at the rate of 78 
feet in a Minute; I have ſuppoſed 
that the Quantity of Blood that the 
Heart throws out every Hyſtole is on- 
ly one Ounce; becauſe that (bein 
allowed of by all) gives the lealf 
Velocity, and we are ſure it is at 
leaſt ſo much; but if every Sy/ole 
throws out two Ounces, as many 
do ſuppoſe, then the Velocity is 
double to what it has been here 
determined, or the Blood moves 
at the rate of x56 feet in a Mi- 
Nute. | 

If 


68 


has been determined to be in the 
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If the Sum of the Sections of the 
Branches of the Arteries were al- 
ways equal to the Section of theit 
Trunks, and if the Circuits in which 
the Blood moves were every where 
equal, the Velocity, of the Blood 
would be every where the ſame it 


Aorta. But. we: find that the Sum 
of the Sections of the Branches do 
every where. exceed the Section of 
their Trunks, and - therefore the 
Velocity of the Blood muſt de- 
creaſe upon this account, as the 
Number of Branches increaſe. Now 
let us ſuppoſe that the Sum of the 
Sections. of the Branches, bears e- 


very where the ſame proportion to 


their Trunks, and ſuppoſe A the 
Trunk of an Artery, and that at B 
it divides into two Branches, and, 
the Branch B likewiſe into two at C, 
and that again into two at D, and 
ſo on: call A the Section of the 

| Artery, 


le 


a © 7 


S1 A. T7 


2 


Artery, the Sum of the Sections of 
Branches at B call B, and thoſe at C let 
them be named C, and thofe at D E, 
and F, call alſo D, E and F reſpective- 
ly. Let the Section of the Canal or 
Branch B C, be to the Section of the 
two Branches at C, as A is to B. 
Likewiſe the Section of the Canal 
C D to the Section of the two 
Branches at D, as A to B, &c. 
Then the Velocity at A, vill be to 
the Velocity at B, as Bis to A, and 
the Velocity at B, vill be to the 
Velocity at Cas B is to A, and the 
Velocity at C, will be to the Ve- 
locity at D, as Bis to A, Cc. Let 
A repreſent the Velocity at A, then 

K Nil 
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& will repreſent the Velocity at Au 
and f. will be the Nabe at C 


the Velocity at D will beg; „ that a 


E will be f. Fas thatatF will be 8 : Andi 
the Artery be dividedinto a lis 
ſuch Branches before it come to the 
ſmalleſt, the Velocity at the laſt o 
them will be = if into a thoy 
ſand the Velocity at the laſt of theſ 


will be e Br to the. ther | 
ſandth part off multipliedbyA: Tf 
Velocity therefore at A, is to th 
V 1 after. a thouſand brave 
ings, as A is to AX Br, that is a 
189 Few of $635 n he choulind ; 
Power of +. 2 
Thus if the Ratio of A tog 
* vn „the Velocity of the — 
at the ſeveral aches of the Ar 
teries might eaſily be determined; 


2 this is only to be found by mez 
7 of the Arteries; and 2 7 


JO 


Mes ures I have nicely taken bn 
the 


of the Bhod. 


t B the Artery of the Thigh igjected 
h Wax by Mr. Cowper, 1 find 
the folloning Proportions. 8 


Tanks Branches Branches Branches 


44521 
4 | 15229 
49, , 22500 
10404 
18496 
11449 
8464 
9025 

3364 
$776 
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2500 


31684 © 


3969 4225 
3025 3135 
507087 209956 31771 
bas 1 By 


1 
IS. 
1 
1 
3 1% 
- 1 
1,4 
T2 1 
01 
* 
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of theſe Trunks to the Sum of the 


rithm of the Velocity at the 400 


By theſe Numbers it appeatt 
that tho the Ratio is nec ts 
where exactly the ſamg yet the di 
ference is generally inconſiderablt 
and we may without any notabl 
Error take the Ratio of the Trunk 
to the Branches to be as the Sur 


Branches, which is as 5006771 
620193, or as 10000 to 12387 
and then ꝙ is 0.80729, whoſe Li 
garithm is 9.9070 296. This Li 
garithm 1 by zo, gives tit 
Logarithm of the zoth Power « 
o. 80729, which is . 2108880, 
which the Number anſwering 1 
the Tables is 000162512; thati 
the Velocity at A in any Artery ist 
the Velocity at its 3oth branchin 
as 1 to o. o0 1625 12, or as 1000! 
ooo to 162512, or as 615 to! 
The Logarithm of 0.80729 mul 
tiplied by 40 gives for the Log 


bran chin, 


of the Blood. 

branching. 6.28 11840, to which 
che Number anſwering in the Ta- 
i bles is o. o00 191066. Hence the 
Velocity of the Blood in the ria 
Wis to the Velocity at the 40th di- 
iſion as I to o. o00 191066, or as 
1000 000000 to 191066, or as 
5133 to 1. But if we ſuppoſe 50 
ſeries of diviſions between the Aor- 
za and ſome of the ſmalleſt Capil- 
larys or evaneſcent Arteries, the 
Logarithm 9.9070296 multiplied 
Wy 50 gives 5.3 5 14800, whoſeNum- 
der is 0.000022463, and conſe- 
Wquently the Velocity of the Blood 
at the Heart will be to the Velocity 
in the laſt evaneſcent Artery, as 1 
to o. ooo0 22463, or a$T1000000000 
nato 22463, or as 445% to 1. 

Thus having ſhewn how the Ve- 
locity of the Blood may be deter- 
mined at each branching of the Ar- 
tery, our next Enquiry mult be to 
find out how many times an Artery 
wy 134 may 


iT 
1 

1 
5 
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Branch will be e. 
the ſmalleſt Artery has its Diame 
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may divide before it becomes the 
ſmalleſt Capillary, | which ey be 
thus done. 

' Suppofe the Natio of e Trunk 
to the Branches to be as : s, and 
call the Trunk c, then :s: 1c: 
= ich is therefore the Sum of the 
950 firſt Branches, and each Branch 
is =. Again r:s: 25 _ This is the 
BY of the ſecond branching, 0 of 
which + is the Branch—< > and by 


ſo the third Branch will | be= 4% 
to the Cube of , multiplied * 


Now if we eall the Number & 
branchings x, and d, the lal 


Let us ſuppoſe 


IT 


ter r part of a > Hats. Breadth, 
and that the Diameter of a Hair is 
the +> part of an Ineh, rhe Se- 
ction of this Artery will be o. 900 
ooo 00:25, Which I hall call =- 
Then we have this Equation A o=e —_ 
c 


— A ADE 


— — 


; aw ms 0 9 2 he TT Rn 


tte Blood! 
lich expreſſed by. Logarithms is. 
Loge d - lo Xx 100 S e. 
100 — Bog. c- (for the Log of the 
r of a, is xX Log. 4 
1 Log: of Unity, or 100. ) Hence 
c: Fin Log. my 7 
Now the Nutia ALD the Ink 
<><M and' the Branches being as 1000 0 
bel o 12397: : 5, the Logarithm of s 
Geided by 2 7 is 9. 7919361 Eo- 
of garithm of 4. The Logarithm of 
i: is 8.60 20600, and uppoſing 6 
equal to the Diameter of tlie ene 
. i <quattoo.5329 decimals of an Inch, 
its Log. is -O. 2733543, and the 
Logarithm of e minus theLogarithm 
of c is —8,3287057; this divided 
by the Log, d—100, which is 
So. 2080639, gives in the Quo- 
tient 40; for the Number of divi- 
fions' between the greateſt and the 
N * Id equiequenaly 
k Veigeity of the Blood 
*. the leaſt, in the propor- 
2 tion 
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tion of 3233 to 1, or the Blood 
will move 5233 times flower in ſome 
of the Capillary Arteries than in 
the Aorta. Thus whilſt the Blood 
in the remoteſt diviſion of the Ar. 


teries moves one Foot, that in the 


Aorta moves 5 233; now the Blood 
in the Aria moving at the rate of 
73 Feet in a Minute would run 
5233 Feet in one Hour and ſeven 
Minutes; and therefore where the 


Blood moves the ſloweſt in the Ar- 


teries, its Motion is at the rate of 
a Foot in one Hour and ſeven Mi- 
nutes. 

As between the gteareſt and the 
leaſt Velocity we are to conceive 
all the intermediate  Degraes ; ſo 
we are not to imagine that in eve- 
ry evaneſcent Artery there is the 


leaſt Velocity, but only in ſuch as 
have at leaſt 40 diviſions between 


them and the great Artery; and 


thoVelociy of the Blood in the e- 


vaneſcent 


1 
| 
( 
1 
| 
] 
[ 


the Blood. * 
vaneſcent Arteries is every where 
proportionable to the number of 
diviſions between them and the great 
Artery; and therefore in all the 
ſmall Arteries which come imme- 
diately from the Horta, and which 
after a few diviſions tranſmit their 

Fluid to the Veins, the Velocity 

of the Blood is but a little dimi- 
niſhed, 

From all this it appears that 
- when the whole Maſs of. Blood is 
to be altered, that the Courſe: of 
Phyſick ought to be continued for 
a long Space of time, being the 
je Blood moves {lower and {lower the 
re I farther it moves from a great Ar- 
ſo tery, and conſequently it muſt be 
e- a great time before the whole Maſs 


— 
. 


o_ 


1x of Blood can be mixt with the alte- 
3 rative Medicine. And being the 
en Circulation of the Blood through Il 
id | Glands which receive Arteries, im- All 

* very 


of the Velocity: 
very quick, they may carry off a 
re rtion of the Medicine in 
a very tits; "and thetefore j 
is not the taking of great Quanti- 
ries, Tot x cou Meg that.can 
alter the Maſs of Blood; ad on 
hence it follows that when the Blood 
is to be altered by mineral Waters, 
which are apt to paſs through the 
Glands of the Kidneys, that they 
ought not to be drunk in large 
, For if they 2 off, 

have not the defign 
= they do not, 1 Aan 
in a little time, they mix 1 with 
a ſmall Quantity of Blood 8. 
muſt diſorder the nie 
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Of the Force of the Heart 
in driuing the Blood 
2 the whole Body. 
OT Here is ror Probletrt 
nin the animal Occono- 
. — 9 my, which a e to be 
ok greater dificnlty than 
that aboat the force of the Heatt. 
And the Labour ard Piins Borel 
has taken in LIE 7 fitiotts to de- 
termine it, do ED das they 
the method he 4 was extremely 


intricate, 


8o Of the Furce of the Heart 


intricate, and his determination of 
its being equal to more than 135. 
coo lib. 8 paſt all credibili- 
So much Geometry em d 
1. ſo little purpoſe, bi. ſo 2 
Man, has undoubtedly deterred o- 
thers from attempting it. But 
hope to make it appear that a very 
little Geometry, rightly made uſe of, 
will eaſily determine this ſcemingly 
very intricate Problem, . 
If ve have the Velocity where- 
with a Fluid flows out at any Ori- 
fice without any reſiſtance from an 
anterior Fluid, it is eaſy to deter- 
mine the force which produces that 
Motion. For let the Line A B be , 
the Height from which if a Bo- 
dy fall, it will acquire a Velocity 
equal to the Velocity wherewith 
the Fluid flows out from the Ori- 
fice; then is the force which pro- 
duces this Motion of the Fluid e- 
qual to the Weight of a Cylinder uo 
the 


Sg = aws ad od 


the Maſs of Blood. If therefore ve 


the ſame Fluid, whoſe Baſe is equal 
to the Orifice, and whoſe Hei 
is equal to 2 A B, by the 2d. Corol. 
of 36 Prop. of the 2d. Book of 
Newtiarn's Principra. 
| Now the Blood flowing out of 
the Heart, is much reſiſted in its 
Motion by the anterior Blood in 
the Arteries and Veins, and there 
fore cannot flow with all the Velo- 
city the force of the Heart would 
ve it, were there no ſuch reſi- 
— ſome part of that force be- 
ing ſpent in overcoming the reſi- 


{tance which ariſes from the reſt of 


could know how much the Veloci- 


ty of the Blood is diminithed by this 
reſiſtanee, or what Pro 


portion the 
Velocity of Blood reſiſted, has to the 


Blood that is driven out, and not reſi- 
ſed; having | 


already determined the 


Ve locity of the Blood as it is reſiſted, 
. ve might eaſily from thence collect 


the 


in ulriving the Blood) &c. 81 


made the follow 


———_— Body, Having 
convenient Ligatures under 
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the Velocity by which the Blood 
would flow were it not reſiſted; and 
from thence tlie abſolute Force of 
the Heart, To find out this, 1 


Experiment; 
for to proceed ys Ho upon Spe- 
culation in ſolving of any Pheno- 
menos of Nature, is oertainily Hers 
but an Obſervation or Experiment 
carcfully made and duly applied, 
eaſes us of 4 great deal of trouble 
and leads us with greater 
tothe Solution we want to knew. 
Having — the ſliact Ar- 
tery and Vein in the Thigh of a 


che 
we 
hc 
ef 
or 
at 
ve 
E 
E 
a 
0 
le 
y 


L { 


them, I opened the Vein the whole 
Diameter of the Veſſel, and recei- 
ved into a Cup all che Blood which 
run from it r the Space of ten ſe- 
conds of a Minute; after that, I 
did the fame by the Artery for the 
— ſpace of time, and had bork 

the 


f 
d 
1 
( 
1 
| 


od che Quantities of Blood carefully 
mg There 4s no Experiment 
how eaſy ſoever, but what is attend- 
ell with Circummſt ances, of which 
one is not always aware, eſpeciaſby 
at cke firſt tryal, and which may 
very much dts the acceſs of ahe 
Experiment, and cherafore ] had this 
Experiment repeated ſeyeral times, 
and did find by them, pr res the 
Quantity of Blood which aun from 
the - Artery was to the 
which run from the Vein, in che 
ſame — 387+ t0i3. 
Now the Velocity of the Blogd 
in che Jhack Artery ſo near to the 
— choking with that 
in che Aorta, and conſaquenti the 
Velocity with which it flows ont 
of the {hack Artery cut aſunder, is 
the ſame with which it would flow 
Blood runs through a Wound in the 
HFhack' Azzery with all the Velocity 
| | it 
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it teceives from the Heart. Nov 
all the Blood which runs along thi 
Thack Artery; returns again by thi 
Ilact Vein; and conſequently the 
. Quantities of Blood which paſ 
through both in the ſame ſpace 
time are equal. The Quantity o 
Blood therefore which run out 
the /hack Vein cut aſunder, is thi 
fame which run through the ad 
Artery before it was cut, in the ſam 
ſpace of time. Having therefor 
the Quantity which runs through 
the /hack Artery, when it is cut 
and when it is not cut, we hart 
their Velocities; for the Velocity 
of any Fluid running through the 
fame Canal in equal ſpaces of time 
is directly as the Quantities : ' Bu 
the Velocity of the Blood when 
the Artery is cut, is equal to that 
it receives by the full force of the 
Heart; and the Velocity, when it 
is not cut, is that Velocity with 
| which 


th 
BI 
lo 
to 
* 
1s 
n 
0 
b 
f 
y 
t 
| 


re 
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which the Blood moves through 
the Aorta reſiſted by the anterior 
Blood, and therefore theſe two Ve- 
locities are to one another as 74 
to ener Talk * 
thy ay if the 7 throws out 2 
Ounces of Blood every Hyſtole (as 
is moſt probable) then the Blood 
moves through the Aorta at the rate 
of 156 * in a Minute, as has 
been N y computed ; and there- 
fore the Aiclute Velocity wheres 
vith the Blood would be f banks in- 
to the Horta, did. it find no reſi- 
ſtance, is ſuch as would make it to 
move 390 Feet in a Minute, which 
is near 65 Feet in a 2d of time. 
We muſt next enquire, what is the 
Height, from Which if a Body 
falls, it will acquire this given 
Velocity; for this Height doubled 
gives. the length. the Cylinder, 


whoſe. Baſe. i $ equal to the Orifice 
i Fg e, md whole Weight 


1s 
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it receives from the Heart. Noy 
all the Blood which runs along the 
Thack Artery; returns again by the 
Iliact Vein; and conſequently the 


. Quantities of Blood which pak 


through both in the ſame ſpace. of 
time are equal. The Quantity of 
Blood therefore which run out 6f 
the /hack Vein cut afunder, is the 
ſame which run through the hat 
Artery before it was cut, in the ſam 
ſpace of time. Having therefor: 
the Quantity which runs through 
the /hack Artery, who it is cut 
and when it is not cut, we hare 
their Velocities; for the Velocity 
of any Fluid running through the 
ſame Canal in equal ſpaces of time, 
is directly as the Quantities : ' But 
the Velocity of the Blood when 


the Artery is cut, is equal to that 


it receives by the full force of the 
Heart; and the Velocity, when it 


is not cut, is that Velocity with 


which 


A — 
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which the Blood moves through 
the Aorta reſiſted by the anterior 
Blood, and therefore theſe two Ve- 
locities are to one another as 71 
Now if the Heart throws out 2 
Ounces of Blood every Syſtole (as 
is moſt probable) then the Blood 
moves through the Aorta at the rate 
of 156. Feet in a Minute, as has 
ne been already computed; and there- 
fore the abſolute Velocity where+ 
with the Blood would be forced in- 
to the Aorta, did it find no reſi- 
ſtance, is ſuch as would make it to 
move 390 Feet in a Minute, which 
is near 6 Feet in a 2d of time. 
We mult next enquire, ; what is the 
Height, from which if a Body 
en falls, it will acquire this given 
a Velocity ; for this Height doubled 
ie ff gives. the length of the Cylinder, 

it} whoſe Baſe is equal to the Orifice 


- 


ch of the Aorta, and whoſe Weight 


19 
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is equal to the abſolute Force oſ 
the Heart. 1 


It is known by Experiment that 


the Force of Gravity, will make a 
Body move zo Feet in a ſecond, 
which is the Velocity it acquires in 


og 
fore this Velocity is to the Veloci- 
ty of the Blood flowing without re- 


ſiſtance into the Aorta, as 3o to 6.3. 
But by the Doctrine of Galileo, the 


Heights from which Bodies acquire 


of che Velocities, that is as 900 to 
42.25; therefore as goo to 42.25 


through 1 5 Feet; and there- 


given Velocities, are as the Squares i 


ſo is 15 to 0.74. This Height 


doubled gives the 1.48 or in Inches 
17.76, which is the Height of a 
Cylinder of Blood, hos Baſe is 
equal to the Horta, which we have 
ſuppoſed to be equal to 0.4187; 


and therefore the ſolid Content is 


7.436112, the Weight of which is 
equal to the abſolute Force of the 
Heart. 


in dridiug the Blood, 8&6. 87 
ears. This Weight is five Ounces, 
ad therefore the Force of the Heart 
s equal to the Weight of five 
Junces. ONLY 

Thus we ſee how vaſtly ſhort this 
orce falls of that determined by 
B,relli, The method and reaſon- 
gs we have uſed are certainly juſt ; 
chat can be objected is, that per- 
aps our Experiments upon which 
4 Janne is bounded were 
ot ſo nice as they ought to have 


= - = - 
— —- — - 
8 - * _ . 
— * = = — — — 


"© Wcen, tho they were repeated ſeveral 
to mes. But let us ſuppoſe the Ve- 
15 xities of the Blood reſiſted and 


ot reſiſted in the Horta, are not 
) one another as 3 to *; but as 
to 15, and undoubtedly the Er- 
or of the Experiment cannot poſ- 
"© Fbiy be ſo great as to make ſo great 
difference: Then if we calculate 
5 Spon this Ratio, we ſhall find that 
he Force of the Heart is little a- 
ove 16 Ounces. 

89 But 
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But the Force of the Heart my 
be found a {till more eaſy and fin 
- way, thus. It is demonſtraty 

the Writers of Mechanicks, tha 
if a Body whether fluid, or ſoli 
be projected from any Height, a 
cording to a horizontal Directiot 
it will deſcribe by its Motion a P. 
rabola whoſe Latus Rectum, is eq 
to four times the Height fron 
which a Body mult fall to acqui 
the Velocity wherewith it is at fi 
projected. 

_ Having therefore opened the 
——_ Artery of a Dog, laid in ti 
ny horizontal Dir 
A il ction AE, and! 
F inches hi oh fro, 
4 the Ground. 

4 found that til 
2 © Blood moving 
the Parabola A E C, touched th 
Ground at C, which was about 
Feet diſtant from the perpendic 


f 


tin driving the Blood, &c. 
ar AB let fall from the Heart. 
Now if AD be taken equal to + of 
ate the Latus Rectum of the Parabola, 
tha it will be the Height from which 
the Blood muſt fall to acquire its 
Velocity at A. And becauſe from 
the Nature of a Parabola, the Re- 
tangle under the Latus Rectum, 
and the Altitude A B is equal to the 
ro Square of B C; that is 4 A D X 
WAB=Bcqg, or AD Xx AB=;Bcq: 
Wl therefore AB::BC:::BC: AD. 
tat is 28: 18-:: 18: 217.5; 115 
inches is therefore the Height the 
Blood mult fall from to acquire the 
Velocity wherewith it is projected 
by the Heart. But this Height 
doubled gives the length of a Cy- 
linder, whoſe Baſe is equal to the 
W Orifice of the Horta, and whoſe 
Weight is equal to the abſolute 
Force of the Heart: The length 
of the Cylinder is therefore 23 Inch- 
es. The Orifice of the Horta of 
G 3 this 


go Oy th, Fbrte of the Heart 


this Dog, 1 found to be .o96 and 
therefore the ſolid Content of this 
Cylinder is 2. 208, which is equal 
to one Ounce and the third part oſ 
an Ounce, equal to the Force of 


this Dog's Heart. Now the Heart 


of this Dog weighed two Ounces 
atid if ve Rope e the Strength df 
two Hearts to be to one another az 
their Weights, (which we reaſons 
bly may, the Structure and Fabrick 
in both being alike) and that the 
Weight of an ordinary humane 
Heart is 12 Ounces, then he Force 
of ſuch a Heart, will be equal t. 
almoſt 8 Ounces Weight. So tha 
though this is ſomething more thar 
hat was determined before; ye 
it is very inconſiderable, and of no 
moment in reſpect of what the 
Force of the Heart was commonly 
imagined to be. 


After this method the Force of 
the urinary Bladder may certain- 
0 ly 
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ud ly be determined: For ſuppoſe the 

n Bladder 3 Feet from the Ground, and 

val that it throws out the Urine in a 

off horizontal Direction 6 Feet: Then 

off the Height from which it muſt fall 

an co acquire the Velocity by which it 

ces, Mis thrown out from the Bladder, 

off will be 3 Feet, and this Height 

a doubled is the Length of a Cylin- 

der, whoſe Baſe is equal to a tranſ- 

verſe Section of the Urethra, (the 

Diameter of which Section I take 

to be about - parts of an Inch) 

and whole Weigbe is the Force of 

to the Bladder. Now the Weight of 

nal fuch a Cylinder will be found to be 

zan near 3 Ounces, which is therefore 

yet the Force of the Bladder in throw- 

noß ing the Urine 6 Feet forwards. | 

the Borelli required a Force in the | 

nh Heart equal to the preſſure of 
180000 lib. weight, to move 20 lib. 

olf weight of Blood, whereas from 

in- what has been demonſtrated, a- 6 

ly „„ = bove 
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bove 100 lib. weight of Blood may 
be moved by a Force in the Heart 
which does not exceed the preſſure 


of one Pound at moſt. This may 


to ſome ſeem very ſtrange at firſt 
ſight; but if we conſider the Caſe 
attentively, this Force in the Heart 
will be found ſufficient for all that 
is required of it. It is not indeed 
requiſite that the Force of the 
Heart ſhould be able to move 100 
lib. of Blood at reſt ; but this Blood 
being once moved, the Force of 
the Heart muſt be ſuch as wil 


preſerve the Motion at firſt com- 


municated to the Blood: How the 
Blood came firſt by its Motion, is 


not my preſent Enquiry, that | 


leave to be determined by the oc- 
cult Philoſophers: However thi 
is Certain, that if the reſiſtance of 
the Blood bore always the ſame 
Proportion to the Force of the 
Heart that it does now, that the 

Blood 


7 


Blood never could at firſt be put in 
Motion by the Heart. Now did 
the Blood conſtantly move for- 
wards, with the Motion at firſt 
communicated to it, and did the 
Coats of the Veſſels make no re- 
ſiſtance, the poſterior Blood would 
not be retarded by the anterior, 
and the Motion of the Blood wonld 
equal the intire Force of the Mo- 
ver. But becauſe of the reſiſtance 
made by the Coats of the Blood- 
Veſlels, and the Force which is 
ſpent in diſtending of them, the 
Blood is conſtantly retarded in its 
Motion as it circulates, and would 
in a ſhort time ſtop, were not the 
Motion loſt made up by a freſh 
impulſe from the Heart; and there- 
fore the Force of the Heart mult be 
equal to the reſiſtances the Blood 
meets with in its Motion ; if it were 
more, the Velocity of the Blood 
would be continually encrealing ; 


if 
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if leſs, it would continually decreaſe, 
and at laſt ſtop. And from hence 
it is evident, that if the Circulation 
of the Blood were once ſtopt, all 
the Force of the Heart could never 
ſet it a moving again. 


ESSAY 


ES SAL IV. 
O F 
Animal Secretion. 


N explaining the Manner, how 

the ſeveral Fluids of the Ani- 
mal Body are ſeparated from the 
Blood, I ſhall ſhew, 

Firſt, How they are formed in the 
Blood, before they come to the place 
appointed for Secretion. And, 

Secondly, I /hall demonſtrate in 
what manner they are — from 
the Blood by the Glands. 

The Blood of all Animals, when 7h-Ble4 


drawn out of the Body, does natu- _— 


Y 


rally, and of it ſelf, divide into two Fe. 
different 
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different parts: Of which the Red 
does in a little time coagulate, but 
the Serum remains fluid. If we 
view a drop of Blood with a Mi- 
croſcope, we diſcern a number of 
Red Globules ſwimming in a limpid 
Fluid; and perceive how the Glo- 
bules, attracting one another, unite 
like Spheres of Quickſilver, which, 


as they touch, run into one ano- 


ther: And conſequently the Blood 

divides into two parts. | 
Ties: After the Coagulation of the Red 
72: 5. Globules of the Blood, if we ex- 


gag amine the Serum with a Microſcope, 
Particles. 


we find in it likewiſe a great num- 
ber of Corpuſcles of various Figures 
and Magnitudes, ſwimming in a lim- 
pid Fluid. Theſe do not attract and 
unite with one another as the former 
did, till ſome part of the Fluid, in 
which they ſwim, has been evapo- 
rated by Heat; and then they like- 
wiſe attract one another, and form 

a Co- 
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a Coagulum, as the Globules did. 
This therefore is matter of fact, 
that the Blaod conſiſts of a ſimple 


97 


and limpid Fuid, in which ſwim Cor- 


puſcles of various Figures and Mag- 


nitudes, and endued with different 


Degrees of an attractive force. Now 
of ſuch Particles, as the Blood con- 
ſiſts of, muſt the Fluids be compo- 
ſed, which are drawn from it; and 
as in the Blood the Particles attract 
one another, and cohere together, 
ſo likewiſe may the Particles of the 
Fluids which are ſeparated from it 


Moſt of the Liquors we know are , H. 


form'd by the Coheſion of Particles 


of different Figures, Magnitudes, 'Z," 


I ticles. 


Gravities, and attractive Powers, 


ſwimming in an aqueous Fluid, which 


ſeems to be the common Baſis of all. 
Why are there ſo many ſorts of Wa- 
ter, differing from one another in 
Properties? Is it not, becauſe of the 


Corpuſcles of Salts and Minerals with 


which 
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which the Element is impregnated? 
What elſe is Wine, but Water im- 
pregnated with the Particles of the 
Grape, and Ale with Particles of 
Barley ? Are not all Spirits the ſame 
Fluid ſaturated with ſaline or ſulphu- 


more or leſs fluid, according to the 
greater or {maller Coheſion of the 
Particles, which ſwim in this aqueous 
Fluid; and there is hardly any Fluid 
without this Coheſion of Particles, 
as is apparent by the Bubbles which 
ſtand upon the Surface of Water, 
Wine, and even of ſome Spirits. 
The &- But that ſome of the Fluids, which 
ahi are ſecerned by the Glands from the 
«rat; Blood, are actually compoſed by the 
Coheſion of ſeveral ſorts of Particles, 
is very evident. We know that in 
Milk there are three or four ſeveral 
ſorts of Subſtances, and yet when 
it is examined by the Microſcope it 


reous Particles? And all Liquors are 


appears, like Blood, to conſiſt of 


0 a lim 


a 
] 
{ 
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very ſmall Globules, ſwimming in 
a limpid Fluid. Urine has the ſame 
Appearance, and contains perhaps 
more Principles: And there is no 
doubt but _ Tears, err and 
Sweat are all com ed Liquors, 
If ſome of the Fluids —— ſe- 
creted by the Glands are not eaſily 
reſolved into their compounding 
Parts; we can no more conclude 
from thence, that they are not com- 
pounded, than we can that the 
Blood is not, becauſe it does not 
ſeparate into about thirty different 
Fluids, which are conſtantly ex- 
tracted from it by the Glands. 

If the P articles, which attract ONE The Rea- | 
another, are ſtill more poverfully 22 * 
attracted by the Particles of the 4% 
Fluid in which they ſwim, than by 
one another, they can never of 
themſelves (ſeparate from the Fluid; 
and this is the caſe of all Salts diſ- 
ſolv d in a large Quantity of wy 
an 
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and of Urine, when it neither breaks 
nor ſettles. But if the Particles, 
which ſwim in the Fluid, are more 
ſtrongly attracted by one another, 
than they are by the Fluid in which 
th — md this Fluid muſt ne- 
cCeſſarily go into parts; and the 
Corpuſcle uniting, will either fink, 
ſwim, or aſcend in the Fluid, ac: 
cording to their ſpecifick Gravities; 
unleſs there ſhould be ſo many in- 
terſtices within the coagulated Maſs, 
as will reccive the greateſt part of 
the Fluid. From hence it is plain 
that the red part of the Blood con- 
ſiſts of Particles which attract one 
another, more than they do the 
watry Fluid, in which they ſwim; , 
and that the other Particles which 
are in the watry Fluid of the Serum, 
are more attracted by it, than by 73 
one another. But if part of this . 
Vwatry Fluid be evaporated, by which <© 


means the Particles attracting ap- nj 
proach} * 


, — W * ,,,... . 
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proaching ' nearer, © the Force of 
their Attraction is increaſed, and 
they unite; and conſequently this 
force muſt be much 2 in 
Particles that are very nigh one 
another, than when they are at a 
diſtance. ** 
This Power by which the Par- 2½ fl. 
ticles of the Blood attract one an- _— i 
other is the ſame with that which P . 
is the Cauſe of the Coheſion of the Marer. 
Parts of Matter, and was firſt com- 
municated to me by my Brother at 
Oxford, above ſeven Years ago; who 

had no ſooner diſcovered it, but 

he deduced from it the Coheſion 

of the parts of Matter, the Cauſe 

of the Elaſticity of Bodies, of Fer- 
mentations, Diſſolutions, Coagula- 

, tions, and many other of the Ope- 
nations in Chymiſtry. And fince it 

wy will appear, that the whole Animal 
Oeconomy does likewiſe depend 
upon this attractive Power; it ſeems 

H to 
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to be the only Principle from which 
there can be a ſatisfactory Solution 
given of the Phenomena produc'g 
by the Minima Vaturæ; as that other 
attractive Principle, which is of a 
different kind from this, and was 
firſt diſcovered by the incompara- 
ble Sir Iſaac Newton, demonſtrative- 
ly explains the Motions of the great 
Bodies of the Univerſe; which is 
not in the leaſt diſturb'd by the attra- 
cting Power we now ſpeak of, which 
only exerts it ſelf in Particles that 
are at a ſmall diſtance from one 
another. Now, that there is ſuch 
an attractive Power in Nature as 
this we have mentioned, I think, 
can be denied by none, that duly 
conſider the Experiments and Rea- 
{ons given for it by Sir Iſaac New- 
ton, in the Queſtions annexed to the 

Latin Edition of his Opticks. 
From this Principle that the Blood 
conſiſts of Corpuſcles of various Fi- 

z gures 
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gures and Magnitudes, and endued 
with various Degrees of an attrac- 
tive Power, and that of ſuch Par- 
ticles the Fluids ſecerned by the 
Glands are compoſed ; I fay, from 
this Principle (for which we have 
ocular Demonſtration) I ſhall en- 
deavour to ſhew how the Corpuſcles 
that compoſe the Secretions are 
formed in the Blood, before they 
rive at their ſecerning Glands , 
having firſt laid down the following 
Propoſitions, being only ſo many 
of the Laws of Attraction as at 
preſent we have occaſion for; the 
eſt being contained in my Brother's 
heorems publiſhed in the Philo- 
ophical Tranſattions. 

Prop. 1. There is a Power in Na- Sour 
ture by which each Particle of Mat ae. 
er attratts every.other Particle, with ox in ſal 
a Force that increaſeth in à greater of Mar, 
Proportion than that, by which the 
uares of the diftance decreaſe, viz. 

H 2 zu 
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in a reciprocal triphcate, or quadru. 
plicate Proportion to the diſtances, 
For were the Particles that com 
poſe the attracting Body enduet 
with a Power that attracted only 
with a Force reciprocal to theSquare 
of the Diſtances, the Attraction att 
vould not be much ſtronger at the inc 
Contact than at ſome determine tio 
Diſtances from it: As is evident i of 
the Caſe of Gravity, which ariſe 
from a Power of attracting recipto-¶ cx 
cally as the Squares of the Diſtance $1, 
Bodies being of the ſame Weight = 
when they touch the Earth, as they is « 
are at an hundred Feet diſtance. Bu At 
by all Experiments, this Power i Pa 
much greater at the Contact, of nu 
extremely near it, than at any de an 
termined. Diſtance. The Particle} att 
of Salt diflolved in a large quant 
ty of Water, do not ſenſibly attrad un 
one another, till part of the Wz of 
ter has been evaporated; by which m. 


mean 


means approaching each other, 
their attractive Force increaſes, they 
run to one another, and unitin 
form Cryſtalls, whoſe Parts have a 
ſtrong Coheſion. And therefore 
the Force, by which each Particle 
attracts every other Particle, muſt 
increaſe in a much greater Propor- 
tion, than that by which the Squares 
of the Diſtances decreaſe. 
Prop. II. The attrattive Force is 
cæteris paribus proportional to the 
Holadity of the Particles. 
The attractive force of a Particle 
is compoſed of the Sum of all the 
Attractions of the Parts of that 
particle: Now theſe Parts are moſt 
numerous in the moſt ſolid Particles, 
and therefore cæteris paribus, their 
attractive Force is ſtrongeſt. 
$chol. This Propoſition is to be 
underſtood of the ſmalleſt Particles 


Jof Matter, and not of the Corpuſcles 


made up of thoſe Particles. For 
H 3 Cor- 
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Corpuſcles may be ſo compounded, | ” 
that the moſt ſolid and compact 
Particles may make up the lighteſt | # 
Corpulcles, if the interſtices between : 
the Particles be large, ſo that fey “ 
of them may be diffuſed thro” 1 / 
great Space: Such a Corpuſcle, tho 
it confifts of Particles that are en- 
dued with a ſtrong attractive Power, 
may yet be ſpecifically lighter than 
another, which conſiſts of Particle 
not ſo ſolid, but cloſer together, 
And ſuch fort of Corpuſcles I con- 
ceive all Salts to be, whoſe Particles 
of the laſt -Compoſition are very 
ſolid, but that there are great In- 
terſtices between thoſe Particles, in- 
to which the Water ruſhing with a 
force, being ſtrongly attracted, di- 
ſolves the Texture of the Corpuſcles. ( 

"yy III. 1f Particles of Mauer 

| 1 
| 


&ttratft each other with a Force, that 


is m a reciprocal i iplicate „ Or 4 
greater Proportion of ibein Diſtances, 
a | ; be 
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the Force by which a Corpuſcle is 
drawn to a oy made up of ſuch at- 
tractibe Fasel es, ts ee hat 
er at the Comatd, or com near 
it, than at any Jrtermined _—_ 
from it. 


| 
[ 
& 


beer the Sphere A H B com- 
of Particles, that attract a 
8 P with a Force recipro- 
| cally proportional to the Cubes of 
their Diſtances. Draw the Tangent 
P, and from H let fall the per- 
pendicular HI, biſect PI in L, and 


H 4 raiſe 


* 1 
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' raiſe the Perpendiculars LI, A a, 
Ss, Bb, and make Ss = to S!: 
with the Aſymptots LB, LI thro 
bs, deſcribe x" Hy erbola bs a, 
* the Area a AB Bb — the rect. 
angle 2 AS x SI will repreſent the 
Attraction of the Corpuſcle P by 
the 81 Prop. of Sir Vaac eau, 
Principles. 
But when the Corpuſcle P comes 
to the Sphere, and touches in A, 
then the Points P, L, A, I, and 
II, coincide, and 
4 A Abecomes the 
\ Aſymptot ofthe 
„5 "2 Hyperbola, and 
AY theArea a A Bb 
Apa becomes in- 
F finite, and the 
8 rectangle 2ASx 
SI being. finite, 
the Areaa AB 
zl! will be inf 
| "4 nite 
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nite; and conſequently the Force, 
by which the Corpuſcle is attract- 
„Jed by the Sphere, will be likewiſe 
infinite. | ©) os. 

If the Sphere conſiſts of Particles 
chat attract in a reciprocal quadru- 
plicate Proportion of their diſtan- 
ces, the Force by which a Corpuſcle 
will be drawn to the Sphere will be 


as p5:7Þ7- Now when the Cor- 


puſcle comes to touch the Sphere, 
P I becomes =o, and conſequently 
whatever is divided by it, becomes 
infinite, and therefore the attractive 
Force of the Sphere, at the Con- 
tact being proportional to py 
vill be infinite. 

Prop. IV. If a Body conſiſts of 
Particles attracting with a Force 
that is in a reciprocal Proportion to 
the Cubes of the diſtances, or in a 
greater; and if this Force is not infi- 
niely greater than the Force of Gra- 
vy at the Point of Contact, or ex- 

15 , tremely 
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tremely near it, at any determined I in 
aiftance from the Point of Contadl, 
in. muſt be infinitely leſs than the Force 


of Gravity. 


This is clear by the laſt Propo-iif he 
ſition: Or in that Caſe the Force Si. 
of Attraction in a Corpuſcle re- th 
moved from the Contact is infinite-M ch 
ly leſs than at the Contact, or eu- is 
tremely near it; but at the Com ch 
tact it is not infinitely greater tha 
the Force of Gravity by Suppoſition: i te 
Therefore the Force, by which 1 at 
Particle removed at a determined it 
diſtance from the attracting Bod y: 
is attracted, is infinitely leſs than b. 
the Force of Gravity. G 

Prop. V. The Force, by whuh 
the Particles of Matter attract each 1 
other, when extremely near the Con- 0. 
tact, is not infinitely greater that v 
the Force of Gravity. g 

This is evident: Becauſe in the ; 


ſtrongeſt coheſion of Particlestouch- 
| in g 
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ing one another, we find that the 
Weight of ſome Bodies. will pull 
the Particles aſunder, tho that Bo- 
dy may be prodigiouſly greater and 
heavier than the Particles united. 
Sir //aac Newton calculates from 
the Inflection of the Rays of Light, 
that this Force near the Contact 
is 10000 ©0000 0000 0000 greater 
than the Force of Gravity. 

Corol. Particles removed at a de- 
termined diſtance from the Body 
attracting, are not acted upon by 
it; becauſe this Force muſt then 
vaniſh, or, which is the ſame thing, 
be infinitely leſs than the Force of 
Gravity, | | 

Prop. VI. A large Particle at- 
tradls not more ſtrongly than a ſmall 
one of the ſame Solidity, but a Di- 
verſity of Figures cauſes different De- 
grees of Auraction in Particles that 
are otherwiſe the ſame, 


This 


9 
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ftrongly, than they do the Particle 


they come to each other, will be that 


. Fluid. 
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This attractive Power acts only 
on ſuch Particles as are extremely 
near; and therefore of a large Par- 
ticle, the remoteſt parts conduce 
nothing to Attraction: And for the 
ſame Reaſon the attractive Force 
varies, according as the Particles 
are Cones, Cylinders, Cubes, or 
Spheres, and ceteris paribus a Sphe- 
rical Particle, has the — at- 
tractive Power. 

Prop. VII. If Particles ſwimming 


in a Fluid, attract one another more 
of the Fluid, the Force by whit) 


by which their attrattre Force ex- 
ceeds the attracting Force of the 


For the Particles of the Fluid, 
that lie directly between the attra- 
ing Particles, being more preſſed 
than the other ambient Particles; 
they will from the Nature of Flui- 


dity 


Of Animal Secretion. 113 
dity, with that exceſs of Preſſure, 
drive the other Particles out of their 
places, 'and make way for the at- 
tracting Particles to come toge- 
ther. 
Prop. VIII. I Particles fwim- 
ming in a Fluid, are more attracted 
by the Fluid, than by one another, | 
they will rereds from one averber, | 
with @ Force that will be equal to 1 
the difference of their mutual Attra- | 
dion, and the Auradtion of the 
Fluid. 

For the ambient Particles of the 
Fluid attracting more ſtrongly, will 
with their exceſs of Force draw the 
other Particles to themſelves, and 
make them to recede from one ano- 
ther. 

Prop. IX. The Pre, by which 
Particles attiracting one eee co- 
here, is greater cæteris paribus, 
adore the Contatt is greater. 


— — 


2 


For 
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For the parts that are farther re- 
mow'd from the Contact, conduce 
nothing to the Force of the Cohe- 
ſion; and a greater Power muſt be 
requiſite to ſeparate two Particles, 
which cohere in two points, than 
two Particles which cohere only in 
one point, if the Degree of Cohe- 
ſion be equal in each point. Thug 
two poliſhed Marble-{tones (ſuppoſe 
a Foot ſquare) adhere more ſtrong- 
ly than any other two Bodies of 2 
Foot ſquare, which are not ſo ſolid 
bat have more Pores and Interſti- 
ces-between their parts,. and which 
will not receive ſo good a poliſh, by 
which the parts come to a clofe 
Contact with one another. 

Prop. X. If the attratting Corr 
puſcles are elaſtict, they muſt neceſ- 
ſarily produce an inteſtine Motion, 

greater or leſſer, according to the De- 
grees of their Klaſticity and atira- 


five Forces, 


For 


For after meeting they will fly 
from one another with the ſame 
Degree of Velocity, (abating the 
reſiſtance of the Medium) that they 
ict together with; but when they 
pproach other Particles in their 
Reſilition, their Velocity muſt in- 
reaſe, becauſe they are afreſh at- 
racted, and therefore meeting a 
ſecond time, they will recede with 
greater Velocity than they did at 


. IS. ow 


elocities will be increas'd by eve- 
y Concurſion and Reſilition, which 
uſt neceſſarily produce a ſenſible 
nteſtine Motion; and the ſtronger 


er their Elaſticity, their Concur- 
ons and Reſilitions will be the 
ore ſenſible, 

Prop. XI. Particles attratting one 
another in a Fluid, moving enuher 
th a ſwift or flow progreſſive Mo- 
wn, attrack one another juſ the 
ſame, 
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hes firſt Concurſion; and ſo their 


heir attractive Force, and the grea- 


11s Of Anima Seovtetivn. 
ſame, as uf the Fluid was at ref 
#f all the Particles move equally, 
but an unequal Velocity of the Pax: 
ticles does mightily diſturb their A. 
tradtions. 5 
-. The Particles do all by Hypothe: 
ſis move equally and conſtantly, the 
progreſſive Motion of the Flut 
does not alter their Diſtances, thx 
is to ſay, it does not repel then 
from one another; and conſequent: 
ly they muſt attract one anothe 
with the ſame Facility, as if thi 
Fluid was at reſt. But if ſome Pat 
ticles move faſter than others, - ſome 
muſt change their Poſition in re 
ſpect to each other, and thoſe part 
which by the Force of Attraction 
would have come together, will by 
this unequal Motion £ carried from 
one another. Thus Salts do not 
cryſtallize, nor the terreſtrial Par Nrai 
ticles of Urine attract one another, 
and unite, till the Water in which 
they 


[ 
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they are diſſolved, is almoſt cold; 
and the inteſtine Motion of its Par- 
ticles, cauſed by Heat, is quieted. 
Theſe are 3 Laws by which 
Secretions are firſt formed in the 
Blood, before they are ſeparated 
by the Glands. The Particles of 
the Blood returning by the Veins 
mutually attract one another, and 
cohering form Globules too big 
for any Secretion; and therefore 
there was an abſolute neceſſity that 
they ſhould be broken and divided 
in the Lungs by the Force of Re- 
ſpiration: Which becauſe it is com- 
monly thought to be inconſidera- 
ble, by reaſon we are not ſenſible 
of it, I ſhall therefore here make 
an Eſtimate of it. 19 
It is a known Experiment, that 7% Free 


N a he Air 
by blowing into a Bladder we as Rach 


niſe by the Force of our Breath * 


eathing 


conſiderable Weight: Having there- deter 
fore got an oblong Lamb's Bladder ; e 
] which 
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which being tied at both ends wa 
nearly of a Cylindrical Figure, | 
fixt a Pipe into one end, and tie 
a Weight to the other; I tha 
faſtned the Pipe at ſuch a diſtang 
from the Ground, as juſt allowe 
the Weight to reſt upon the Ground 
The Bladder being thus fixt, I fou 
that by the force of an eaſy Exp 
ration, I could raiſe 7 Jib. Weigh 
and the greateſt Weight I could rai 
by the ftrongeſt Expiration was i 
lib. Now the Force by which thi 
Air entered the Pipe was that Ford 
by which it was e out of the 
Lungs: If therefore we can deter: 
mine the Force by which the A 
entered the Pipe, we have the Force 
by which it was drove through the 
Aﬀfpera Arteria. 

But the preſſure of the Air upot 
the Bladder is equal to twice the 
Weight it can raiſe, becauſe the 
upper part of the Bladder, 81 

| xl, 
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fat, reſiſts the Force of the Air, 
juſt as much as the Weight at the 


other end: And again, ſince the Air 
preſſes every way equally, the whole 
preſſure will be to that 2. of it 
which preſſes on the Orifice of the 


Pipe, as the whole Surface of the 


Bladder is to the Orifice of the 
pipe; that is, as the Surface of a 
Cylinder, whoſe Diameter was 
Inches and Axis 7, is to the Ori- 
tice of the Pipe. The Diameter 
of the Pipe was o. 28, and therefore 
its Orifice was 0.616; the Surface 
of the Cylinder was 88 : Therefore 
888: 0.616 :: 14, double the leaſt 
Weight raiſed, to 0.098, which is 
almoſt two Ounces, and in raiſing 
of the greateſt Weight it is near 
7 Ounces. Theſe therefore are the 
Forces by which the Air is drove 
thro' the Aſpera Arteria in an eaſy 
and a ftrong Expiration. Now if 
ve confider the Lungs as a Bladder, 
a 1 and 


2 * * 5 
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and the Larynx as a Pipe, the t 
Preſſure upon the Orifice ob he A 
pera Arteria when the Air is drove 
out, is to the Preſſure upon the 
Lungs, as the whole Surface of the 
Lungs is to the Orifice of the 
 Aſpera Arteria. Let us ſuppoſe 

the Diameter of the Larynx to be 
5, (which is more than it can be 
then the Orifice of the Larynx is 
0.19. Let us ſuppoſe the two Lobe 
of the Lungs to be two Bladder 
or Spheres, whoſe Diameters arc 
each 6 Inches, their Surfaces arc 
113 Inches each, and the Preflur: 
upon the Larynx will be to the 
Preſſure upon the whole external 
Surface as 0.19 to 226, which is 2 
x to 1189; and therefore if the 
Preſſure upon the Larynx in an 
ordinary breathing is 2 Ounces, 
the Preſſure upon the whole ex- 
ternal Surface of the Lungs is 148 


kb; and the utmoſt Force, rs 
the 
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the Preflure upon the Larynæ is 
7, Ounces, will be equal to 5 20 Ji. 
weight: But the Lungs are not like 
an empty Bladder, where the Air 
preſſes only upon the Surface; for 
they are full of Veſicles, upon the 
3k 55 of each of which the Air 
preſſes as it would upon the Surface 
of an empty Bladder ; and therefore 
to know the whole Preſſure of the ll 
Air, we muſt determine the inter- if 
nal Surfaces of the Lun gs. Todo 
this, let us ſuppoſe that - part of 
the Lungs is taken up wk the 
Branches of the Trachea Arteria, 
that another third Part the blood 
Veſſels fill, and the Remainder is . 
Veſicles, Where we ſuppoſe the ql. 
chief Preſſure upon the blood Veſſels 1 
to be made. Now both Lobes of il 
the Lun gs contain 226 ſolid Inches, I! 
of which or 75 Inches are full of I! 
Veſicles. Let .the Diameter of li 
Fack Veſicle be.; part of an Inch, I 
1 3 . the l 
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the Surface of a Veſicle will be I pri 
,001256, and theSolidity 0000043, Ml {til 
by which Sum if we divide 75, the ¶ up 
Space filled by the Veſicles, the iſ th 
Quotient gives ns 17441860, for il th 
the Number of Veſicles in both it 
Lobes of the Lungs. This Num- v 
ber multiplyed by. oo 1256 the Sur- iſ ex 
face of a Veſicle, gives the Sum of I cl 
the Surfaces of all the Veſicles, to tt 
wit, 21906.976 Inches. And there- 
fore the Preſſure upon the Laryax, 
will be to the Preflure upon the 
whole Snrface of the Lungs, as 
0.19 to 21906.976 ; and conſe- 
quently when in an ordinary Expi- 
ration the Preſſure upon the Larynx 
is 2 Ounces, the Preſſure upon the 
whole internal Surfaces of the Lungs 
will be 14412 Lib. weight, and the 
utmoſt Force of the Air in breath- 
ing when the Preflure upon the 
Larynx is 7 Onnces will be 50443 
ſib. weight, Tho' theſe feem to be 

88 | prodi- 
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prodigious Weights, yet it muſt 
ſtill be underſtood, that the Preſſure 
upon each Part of the Surface of 
the Lungs equal to the Orifice of 
the Larynx, is not greater than 
it is at the Laryax, and that theſe 
vaſt Weights ariſe from the vaſt 
extent of the Surfaces of the Veſi- 
cles, upon which it was neceſſary 
that the Blood ſhould be ſpread in 
the ſmalleſt capillary Veſſels; that 
each Globule of Blood might as it 
were immediately receive the whole 
Force and Energy of the Air, and 
by that be broke into ſmaller Parts 
fit for Secretion and Circulation. 
And from thence we may learn the 
mechanical Reaſon of the Structure 
of the Lungs: For being the whole 
Blood of the Body was to paſs thro* 
them, in order to receive the Vir- 
tue of the Air, and that could not 
be communicated but in ſmall ca- 
pillary Veſſels, it was neceſſary that 
TS the 
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the Surfaces, upon which they were 
to be Cond Bands be — 
oned to their Number, which is 
admirably well provided for by the 
wonderful Fabrick of the Lungs. 

e, Ik the Gravity of the Air was al- 
besen, ways the ſame, and if the Diameter 
nt Of kh . Trachæa Arteria, and the 
<o»/i4ere4 time of every Expiration were equal 
2 — in all, this Wei = upon the — 
#2 would be always the ſame. But 
ſince we find by the Barometer, 

that there is 3 Inches difference be- 

tween the greateſt and the leaſt 
Gravity of the Air, which is a; 
part of its greateſt Gravity; there 

muſt be likewiſe the difference of a 

tenth part of its Preſſure upon the 
Lungs at one time and another: 

for the Momenta of all Bodies, 
moved with the ſame Velocity, are 

as their Gravities. This is a dif- 
ference, which ſuch as are Aſthma- 

rick. muſt be yery ſenſible of, e- 

| 22 ſpecially 
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e ſpccially if we conſider that they 
- @ likewiſe breath thicker, that is, e- 
very Expiration is performed in leſs 
e time; if in half the time, and the 
ſame Quantity of Air drawn in, 
- W then the Weight of the Air upon 
the Lungs muſt be 57648 lib. of 
which + part is 5764 lib. and con- 
ſequently aſthmatick People upon 
the greateſt Riſe or Fall of the Ba- 
rometer, feel a difference of the 
Air, equal to above + of its Preſſure 
in ordinary breathing. Again, if 
the Trachea Arteria is ſmall, and 
its Aperture narrow, the Preſſure 
of the Air increaſes in the ſame 
Proportion, as if the times of Ex- 
piration were ſhorter; and therefore 
: Ja ſhrill Voice is always reckoned 
„ 2mongſt the prognoſtick Signs of 
ea Conſumption, becauſe that pro- 
ceeds from the narrowneſs of the 
- | Laryax, or Trachea Arteria; and 
- | conſequently encreaſes the Preſſure 
V N 0 | of 
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By this 
reſſure 
of the Air, 
the Cohe- 
frons of the 
Globales 
the 
Blood are 
&ſ[olved. 


How the 


of: the Air upon the Lungs, which 
upon every Expiration beats the 
Veſſels ſo thin, that at laſt they 
break, aud a ſpitting of Blood 
brings on a Conſumption apace. 

I ſuppoſe, no body doubts whe- 
ther this Preſſure of the Air upon 
the Lungs in breathing be ſufficient 
to break the Globules of the Blood, 
and to diflolve all the Coheſtons 
they might contract in their Circu- 
lation thro' the Arteries and V eins. 
And when the Blood is thus diſ- 
ſolved and thrown out by the Heart 
into the Arta; it is evident that 
the reunion of the Particles requires 
more or leſs time, according to 
their ſeveral attractive Powers, e- 
ven tho they all moved with the 
ſame Velocity, and in the ſame 
Direction. f 


But neither doth this happen, for 


nnd; a Fluid moves thro? a Cylindrical 


cles is hin- 
dred near 
the Heart. 


or Conical Veſſel (ſuch as the Ar- 
teries 


o 
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teries are) with a greater Velocity 
at the Aris than at the Sides. And 
again, the Blood is thruſt into the 
Arta by the whole Force of the 
Heart, and Fluids when they are 
prefled preſs undequaque, by which 
means the Arteries are dilated, and 
the Blood moves not only forwards, 
but likewiſe preſſes perpendicularly 
on the Sides of the Arteries; and 
2s the Sides of the Arteries : (being 
Elaſtick) return, they preſs the 
Blood from them every way, which 
muſt produce an inteſtine Motion, 
and by the 11* Propoſition hin- 
der the Attraction of the Particles, 
and by this frequent and ſtrong 
Colliſion of the Particles of the 
Blood againſt the Sides of the great 
Arteries, the Coheſions of the Par- 
ticles, if any of them happen to 
mite, will be immediately diſſolved. 
Again, this inteſtine Motion muſt 
greatly encreaſe upon the * 
x thñat 
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that many of the Particles of the 
Blood are elaſtick: For by this Re- 
ſiſtance of the Sides of the V eſlels, 
they muſt neceſſarily hit one again 
another, and being elaſtick, refled 
from one another, and ſo increaſ- 
the inteſtine Motion of the Blood 
by the 10 Propoſition. Upon 

this inteſtine Motion of the Blood 

depends its Heat, which therefore 
is:every where proportional to the 
Impetus of the Particles againſt the 
Sides of the Veſſels, ſuppoſing th: 
Elaſticity of the Particles ever 
where the ſame, Now the [pew 

of the Particles againſt the Sides d 


the Veſlels decreaſes, as the Sun 
of the Cavities of the Veſſels in- 
creaſes; and conſequently where 
the Sum of the Cavities of the V eflel 
is greateſt, there the inteſtine Mo- 
tion of the Blood is leaſt; and the 
attractive Power of the Particles 


eeterrs parthus is greateſt. „ 
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i By the by, we may obſerve how 7% =: 
chat Steel, being an elaſtick Body, old 
hears the Blood more than any o- 
ther Mineral ; and how by its Ela- 
ſticity, the Force of its own Parti- 
cles in removing Obſtructions, as 
well as thoſe of the Blood, increaſe; 
and therefore it is a better Deob- 
ſtruent, than ſome other Minerals, 
which have a greater Gravity. 
The Particles which unite firſt 33 
after the Blood is thrown out fa 
the Heart into the great Artery, 
muſt be ſuch as have the ſtrongeſt 
attractive Force; and ſuch as have 
the leaſt, unite laſt; and all the in- 
termediate ones according to their 
ſeveral Natures. The Particles en- 
dued with the ſtrongeſt attractive 
Powers, are by the 2* and 6 Pro- 
poſition, the moſt ſolid ſpherical 
Corpuſcles, and the Quantity of 
their Contact being the leaſt, by the 
ninth Propoſition, the Secretion 
i i ah which 
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which they compoſe: muſt be the 
moſt flaid, and fuch js the Liquot 

in the Pericardu m. 
The Salts are Corpuſcles that are 
ſtrongly attracted, and have a moſt 
cloſe Union with the Fluid of Wa- 
ter; for tho the Lungs may divide 
the Particles of Salt from one ano- 
ther, yet ſtill they firmly adhere to 
the aqueous Humour in which they 
ſwim, and therefore they may like- 
wiſe at firſt be drawn off: Upon 
which Account the Kidneys have 
their Situation ſo near to the Heart, 
And indeed they could not have 
been placed at a greater Diſtance, 
and have ſeparated fuch a Quantity 
of Urine, as they now do, not on- 
ly upon the Account of the great 
Quantities of Blood they receive 
where they are; but likewiſe, be- 
cauſe if they had a more diſtant 
Station, other Particles muſt have 
united with the Salts and aqueous 
Particles 
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particles (as in their preſent Station 
ſome terreſtrial Particles do) and 
conſequently the Urine could not 


have been diſtilled ſuch as it is now, 


or at leaſt but in a ſmall Quantity. 

The Corpuſcles, which are the E 
ſloweſt in uniting, muſt be ſuch as vg 
have the weakeſt attractive Force, * 
which by the 2* and 6" Propoſi- 
tion, are ſuch as have the leaſt So- 
lidity, and ſuch as have their Sur- 
faces the moſt extended; and there- 
fore Corpuſcles, which have plain 
Surfaces, are longer inuniting than 
ſpherical Corpuſcles, but when uni- 
ted, they cohere more ſtrongly by 
the 9 Propoſition, and compoſe 
the moſt vileid Fluids: And there- 
fore the moſt viſcid Secretions, ſuch 
as the Mucilage of the Joints, are 
ſeparated at the greateſt Diſtance 
from the Heart, where the Sum of 
the Cavities of the Arteries is great- 
eſt, the [mpetus of the Blood a- 
| gainſt 
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gainſt the Sides of the Veſſels 
tional to the 
Velocity of the Blood) ſmalleſt, 
and conſequently where the Parti 
cles move — with an equal Ve- 
locity, and therefore the Attracti- 
ons of the weakelt are not diſtur- 
bed, by the 11" Propoſition. |, 
- The Gall which is ſecerned by the 
Liver, and the Seed by the Telt- 
cles, do ſeem to be two conſiders 
ble Objections - againſt what ha 
been ſaid. But 1 will make it ap 
pear that they are ſo far from pro- 
ving any thing againſt this Do- 
ctrine of Secretions, that they are 
the greateſt Arguments that could 
poſſibly be urged for the truth of it 
Nothing does more , evidently de: 
monſtrate the Intentions of Nature 
in her Operations than the various 
Methods ſhe is ſometimes forced 
to take to bring the ſame thing a- 
This 


is 
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This is moſt eminently remark- 2 2-- 
able in the Secretion of the Gall; luſtrated 
which, being to be mixed with che ga, 
Chyle as it comes out of the Sto- % 
mach into the Davdenam ; could Liver. 
no where be ſo conveniently ſecer- 
ned from the Blood; as where 
the Liver is placed. Now hadall 
the Branches of the Celiack Artery 
cartied all the Blood to the Liver, 
from which the Gall was to be ſe- 
parated, it is evident, conſidering 
the Nearneſs of the Liver to the 
Heart, and the inteſtine Motion of 
the Blood, that fo viſcid a Secreti- 
on, as the Gall is, could never 
have been formed in the Blood, 
and conſequently, could never have 
been ſecreted by any Gland in that 
Place. In this Caſe Nature is for- 
ced to alter her conftant Method 
of ſending the Blood to all the Parts 
of the Body by the Arteries. Here 


ſhe forms a Vein (which is no 
| K Branch 
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Branch of the Lena Cava, as all. 
the others are) and by it ſhe ſends 
the Blood from the Branches of the 
Meſenterick and Celiack Arterie; 
(after it has paſſed thro' all the In- 
teſtines, Stomach, Spleen, Caul, and 
Pancreas) to the Liver. By this ex- 
traordinary Contrivance the\Blood 
is brought a great -way about, be- 
fore it arrives at the Liver; and it 
Celerity is extremely diminiſhed, 
that all the Corpuſcles, Which are 
to form the Gall, may have ſuff- 
cient time to attract one another, 
and unite before they come to thei 
ſecerning Veſſel. And thus we 
havdibund out the Uſe of the Pa 
ta, Which; notwith ſtanding it makes 
lo conſiderable a Figure in the ani- 
mal Body, yet perhaps no Part was 
ever leſs minded, or had its Uſe lels 
underſtood by the Writers upon the 
animal Oeconomy, - 
But chat this is moſt cer Wii the 
. : Ute 
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ly appear, if we conſider what Na- 

türe (til does farther i in Proſecution 

of the fame Deſign. © 
The Cavities of all the Amend 


increaſe as they divide. The Sum 
of the Branches, which riſe imme- 


diately from the Aorta, is to the 
Aorta as 102740 is to 100000 : but 
as if this Proportion was too little to 
effect the Deſign of Nature, before 
the Blood arrives at the Liver, the 
Branches which immediately ſpring 
from the Trunk of the Meſenterick 
Artery, increaſe in a much greater 
Proportion. The Figure of this 
Attery, as it lies in the middle of 
the ae is after this manner. 


And ; in hind Body, ** which 1 


took the following Proportions, I 
WY found 
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Uſe of the Porta will more evident. 
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found 21 Branches to ſpring imme- 
diately from its Trunk. In ſuch 
Parts of which the Trunk of the 
Meſenterick Artery is 15129 


The r* Branch is 


The Sum of all 37418 
ears, 
that 


By theſe Proportions it app 


| 
| 
| 
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that the Sum of the firſt Branches 
is much more than double to the 
Trunk. of the Meſenterick Artery; 
and therefore the Velocity of the 
Blood in them is much leſs than 
half what it is in the Trunk; where- 
as in the Branches which come 
immediately from the Aorta, the 
Diminution of the Velocity is 
hardly ſenſible. But that I may 
put this Matter in a clearer Light, 
I ſhall firſt examine with what Ve- 
locity the Blood in the Liver would 
have moved, if it had been carried 
there by ſuch Arteries as are eve- 
ry where elſe. Secondly, I ſhall i 
ſhew with what Velocity it would 
have moved, had it been brought 
to the Liver by ſuch an Artery as l 
the Maſenterica Superior. And. 
Thirdly, I ſhall demonſtrate the 
Velocity with which it now moves 
through the Branches of the Porta 
tothe Liver, 
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And firſt let us ſuppoſe that an 
Artery equal to the Meſenterick 
(the Square of whoſe Diameter is 
.o38025 Parts of an Inch) had gone 
directly from the Horta to the Li. 
ver, and that the Proportion be- 
tween its Branches had been the 
ſame it is every where elſe, to wit 
10000 to 12387. The Logarithmof 
.038025is—1.4189307. The Log. 
of the ſmalleſt Artery has been found 
to be — 8.60 20600, their Diffe- 
rence is -. 1831293, which Num- 
ber being divided by. 2080639 (3 
has been ſhewn in the ſecond Eflay) 
the Quotient 3.4 is the Series of Di- 
viſions of this Artery; and conſe- 
quently upon Calculation, the Ve- 
locity of the Blood in the laſt Di- 
viſions of the Series, will be found 
to be to the Velocity in the Trunk 
of the Artery as 1 to 1448. 

But the Velocity of theBlood would 
have been much leſs if it * 
een 
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been carried by an Artery, ſuch as 


the Meſenterick, directly to the Li- 


ver. I have already ſhewn what 
Proportion the Trunk of this Ar- 
tery bears to its firſt Branches ; 
I ſhall now ſet down the Proporti- 
on of the ſeveral Trunks to their 
Branches, that we may find out the 
general Ratio, as we have taught 
before. 3 
The 5th Branch of the 0 
Meſenterick Artery 12844 4 


Its Branches 118 64 
2809 


4773 


by The leaſt of theſe Branches 1764 


576 
91225 

576 
1024 


Divided into four 


2401 
The biggeſt Branch 2809 
Divided 
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ERP, 961 
r 1521 
5 | 4246 
One of theſe, to wit, 15271 
Divided into two 1365 
arc 961 
2.330 


\ The $th Branch of the PE 
Meſenterick Artery was 3 3535 
* 1521 

Its Branches 115 215 


. 
The biggeſt Branch 1521 


5 900 
| Divided into two 900. 


x 800 


I be leaſt 122 


— — 


Divided likewiſe into two goo 4 


1629 
The 
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The roth Branch of the 0 
NMleſenterick Artery was(327 3 
| Its Branches 71850 
3536 
| The biggeſt Branch 1936 
| 8 
Divided into tw 2 
| vided into two = 5 
; 2385 
5 Of theſe the biggeſt 1296 
7 | 
p Divided into two 5 
, 1352 l 
0 | \/.-- | 
— The 14th Branch of the $46 
* Meſenterick Artery was“ 4 
5 | | 900 
— Its Branches 900 
19 900 
00 * 
jp 2700 
29 
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The 5th Branch of ed 1936 
Meſenterick Artery was 45 


4 1089 
* Its Branches dre 13 136 
= 2458 
oe theſe the biggeſt Branch 1 136 

| 5 WE hh 
Divided into three 676 
rags = 
NON ; —— | 2136 
Of which Branch 676 
Divided into two 1 

2 5 Ju 

. 21 


Prom all which Numbers, 
ſhall take the general Ratio 0 
the Trunks to their Branches, to be 
as the Sum of all the Trunks to the 
Sum of all the Branches ; that is, 
as 28549 to 36221, or as 10000 
71017 to 


Dre 
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to 1 168. No if we calculate up- 
on this Ratio, we ſhall find : 36 Series 
of Diviſions in the Meſenterick Ar- 
tery; and that in the laſt of theſe 
the Blood moves 5264 times flower. 
than it does in as Trunk of the; 
Meſenterick Artery. | 

As the Trunk of the Nieto 
nick Artery bears: a- lefler Propor- 
tion to its Branches, than the 4 
orta does to its Branches; ſo the 
Branches of the Meſenterick Arte- 
ry are likewiſe leſs in Proportion to 
their conjugate Veins, than rhe 
Aorta is to the Vena Cava. The 
deſcending Trunk of the Aorta be- 
low the Emulgents is to the ena 
Cava at the ſame Place, as 324 is 
to 441: But a Branch of the Me- 
ſenterick Artery is to its correſpon- 
ding Branch of the Porta, as 9 to 
25: And therefore the Blood in 
the Branches of the Ponta moves 
14613 times ſlower than it does in 
ji K 4 the 
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—_ of che — 0 the dee. 
ters of the Veſſels. So neceſſary 
was it to abate the rapid . 
Motion of the Blood, which might 
hinder the Coaleſcence of the Parti- 
cles for the Formation of the Bile. 

Having ſhewn how, the Velocity 
of the Blood decreaſes as it. paſſe 
to the Liver, I ſhall now. enquire 
into the Time it takes in paſhng; 


If a Blood-veſſel divides into any 


Number of Branches, of equal 
Lengths, and the Orifices of the 
— at each Diviſion increaſe 
in a cextain given Ratio; the Time 
the Blood will take to run through 
ſuch a Veſſel may be thus has 
Becauſe the Velociey of the Blood 
is xeciprogally as the Sections of 
the. Veſſels, and the Length the 
Blood raus being given, the Time 
is e as the e. 

ime 


R „ — at 


d © © 
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Time the Blood moves through 
each Length will be directly as the 
Section of the Veſſel; that is, direct- 
as the Sum of the Sections of all 
Jo Branches: And therefore, if 
the Sections are in a Geometrical 
Progreſhon, the Times will like- 
wiſe be in a Geometrical Pro- 
greſſion. Suppoſing then — the 
Time increaſes at each Diviſion of 
the Veſſel in the Proportion of 1 
tor, the Times will be in this Geo- 
metrical Progreſſion, 1. r. L. 1. 
f.. i. &c. Now if we call the laſt 
Term of the Progreſſion 4, the 
sum of the Progreſſion, chat is, 
the Sum of all the Times will be 
== 2: and if we take the Propor- 
tion of the Branches of the Meſen- 
_ Artery to be to one another 
3s 10000 to 12687, the Number 
— 1 will be 36, —— con- 
nt poſing an Di- 
barer — each Don, th 
Bloo 


14 [al 28 . 
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Blood moving with an uniform Mo- 
tiony will require ſeven and thirty 
times the Time to run through the 
whole Length of the Meſenterick 
Artery, that it does to move from 
the Aorta to the firſt Diviſion of 
the Meſenterick Artery. In this 
Proportion '# is equal to 1. 2687, 
| whole, Log. is o. 33589, which 
multiplied by 36 gives the Loga- 
masse Mumbar 5259, which 
is the laſt Term of the Progreſſion, 
equal to u, and 74 = 7 = 6672, 
therefore 7#—T = 6671: Now if 
from the Log. of 6671 we ſubſtract 
the Log. of the. Number 1 or 
of 0/2687, there will remain the 
Log of 
is the 


the Number 248 26, which 
Sum of all the Times the Blood 
takes in moving through all the 
Diviſions of the Meſenterick Arte- 
ry; and therefore the Time it takes 
in moving through the Meſente- 
rick Artery, is = Time it would 
ce QT EA run 
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run along it with ſuch an uniform 
Motion as it has at the Beginning 
of the Artery, is as 248 26 to 37, 
or as 670 to 1. Now the Blood in 
the Aorta or Beginning of the Me- 
ſenterick Artery, runs at the rate 
of 78 Feet in a Minute; and there- 
fore if we ſuppoſe the Meſenterick 
Artery to be 10 Inches long, the 
Blood would with an uniform Mo- 
tion run along it in the Space of 
0.64 of a ſecond ; and conſequent- 
ly it muſt now take up near 7 Mi- 
nutes in paſſing through the Me- 
ſenterick Artery, But the Veloci- 
ty in the Porta is to the Velocity 
in the Meſenterick Artery as 9 to 
25; and therefore if the Porta be 
ſuppoſed likewiſe to be 10 Inches 
long, the Blood will be 19 Minutes 
in paſſing thro? it: So that the 
Time the Blood takes in paſſing 
from the Horta to the Liver is at 
leaſt 26 Minutes; whereas if an 

| Artery 
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Artery had gone directly from the 
Aorta to the Liver, (according to 
the uſual Method of Nature) it had 
paſſed in little more than half a ſe- 
cond, that is, in 2437 times le 
Time than it now requires in paſ- 
ſing. All which does evidently de 
monſtrate, that the Blood was not 
in a State to yield Bile, if it had 
gone directly from the Horta to 
the Liver; that a much greate 
Time, and a much more languid 
Motion, than fo direct a Paſlag: 
could have allowed, was abſolutely 
neceſſary to get the bilious Parti 
cles in a readineſs to be ſeparated 
from the reſt of the Blood in the 
Liver. I have ſuppoſed the Divi- 
ſions of the Artery to be all of an 
equal Length, which indeed they 
are not, but may, for the eaſier 
Calculation, without any conſider- 
able Error, be taken equal one 
with another. a 

c 
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the inteſtine Motion is always pros 
tional)” be abated? Nature has 
another extraordinary Coritri< 
vance, ſhe empties the Hodd entire. 
ly our of the V effels into a latge 
pongy Bowel; or rather Ciſtern 
provided for that intent and pur- 
poſe. I know not the Dimenſions 
of the Splenick | Artery, but the 
Circumference of the Celiack bein 
an Inch, or. 5, its Square is . 25; 
and therefore the Square of the 
Splenick, which is a Branch of it, 
cannot be above . 18. Now the 
Dimenſions of the Spleen are 6 
Inches in Length, 3 or 4 in Breadth, 
and 2 in Thickneſs. I ſhall there- 
fore make this eaſy Suppoſition fot 
the more ready Calculation, that 
it is a Cylinder of 2 Iriches'Diame- 
ter, and therefore the Squate of 
its Circumference being 36, the 


De Lſe 
the Spleen. 


er in the Spleen, than in the be- 
"I. ginning 


Blood muſt move 200 times flow- 
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ick 


ginning of the 8 Artery: 
2 is the 1 — for Uſe 
of the Spleen? So productive is 
one ſimple Truth of many others: 
From all this Art and Contrivance 
it is evident Demonſtration, that 
the Intent of Nature was to dimi- 
niſh the Velocity of the Blood, and 
that ſuch a ſlow Motion was abſo- 
lutely neceſſary for the ſecerning 
of the Bile: in regs Liver. If the 
Humours which are ſeparated by 
the Glands are at all times and 
places the ſame in the Blood, and 
not formed after the manner de- 
monſtrated, what need was there 
for diminiſhing fo conſiderably the 
Velocity of the Blood? Let the 
Blood move faſt or ſlow, they would 
= always the ſame, and ri in 
— aptitude to be ſecerned. 
1 e Particles which compoſe The Pre- 
the Bile, bear a very ſmall Propor- Bit 
mu "4 006 


. 
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evident from the great Quantity of 
Blood that is carried to the Liver, 
and the ſmali Quantity of Bile that 
is ſeparated by it. In a large Dog, 
whoſe Ductus Cholidochus was near 

as big as a Man's, I could never 

13 two Drachms in an 

our. Now there is thrown into 

the Aria every Hour about 4000 

Ounces of Blood: And it appears 

by the Proportions of the Arteries, 

that. the Meſenterick and Celiack 
are to the reſt, as x to 8 and 
therefore 500 . Ounces of Blood 

are carried every Hour to the Li 

ver. And fince only two Drachm 

of Bile are ſeparated from it, the 

Bile muſt be to the Blood, at leaſt, 

as one is to two Thouſand. It is 

by reaſon of this ſmall Proportion 
of the Bile to the Blood, that it 
was ſo neceſſary to allow ſo much 

Time for the Attraction of the Par- 

ticles which form the Bile. * t 
this 


. 
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this'Contrivance of the Porta, the 
Bile receives another advantage, 
not leſs conſiderable than the Di- 
minution of the Velocity of the 
Blood: And that is the Blood 
m4 thro' ſo many different 
parts before it comes to the Liver, 
parts with the greateſt" part of its 
Lympha, by which means the 
Particles, 'that compoſe the Bile, 
approaching nearer to one another, 
ate by their mutual Attraction ſoon- 
er united. And the conſideration 
of theſe *two Contrivances does 
highly confirm the truth of this 
Theory of Secretion: For the Di- 
minution of the Velocity of the 
Blood, and the Subtraction of the 


Lympha, can agree in no other 
end than the uniting of the Par- 
tictes of the Bille. 

What has been faid'concernipg 
the Bile, does ſo eèvidently prove 
this Doctrine of Secretions, that 
ail L there 


his 


Ofthe S. The Blood is carried to the 


cretion of * 


the Seed, ſticles by the Spermatick Arteri 


there ſeems to be no room to dau 
of it, even tho we could not cly 
the like Difficulty, as to the Forn 
tion of the Seed. Vet here ag 
ve meet with another Manifeſtati 
of the truth of it, and we find q 
ture purſuing the ſame Intentin 
tho in a different manner, 
Structure of the Parts not all 
ing either of the former Cont 
vances. 


. 


which, contrary. to the conſu 
24 Method of Nature in framing 
other Arteries, are ſmalleſt when 
they ſpring; from the Trunk of th 
great Artery, and immediately d 
late to a (conſiderable Bigneb 
Which evidently ſhews, that the 
could be no other Deſign in it, dl 
to retard the Velocity of the Blooif 
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We cannot ſuppoſe that the on! 
Intention was, that a ſmall Quar 
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lou ty of Blood might go to the Teſ- 
al ticles "Becauſe then there had been 
tio Occaſion for giving the Artery 
a different Figure from all others; 
that narrow Orifice would have been 
ſufficient of its ſelf for that purpoſe, 
which the Wideneſs of the Artery 
immediately afterwards does neither 
kinder nor farther. The Orifices 
of the Spermatick Arteries were 
fo ſmall, that I could not mea- 
fure them, when I took the Di- 
menſions of the other Arteries ; 
and yet they are hardly gone from 
the Aoria before they dilate as 
big, if not bigger than one of 
the Lumbals, which is 434.2: 
Now if we ſuppoſe their Orifites 
to be each 17.3, then the Blood 
vill move 25 times {lower where 
the Artery fe ates than it does at 
"its Orifice: * Again, we-conftantly 
nd that all the Parts of the Body 

e ſupplied with Blbod by fmall 
* L i Atterics 
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Arteries from the neareſt Trunks, 
If this Method had been obſervd 
in ſending the Blood to the Teſti 
cles, they had received their At. 
teries from the Viacks; and they 
had ran but a little way, befor 
they had come to the end of their 
Journey. But inſtead of this, two 
{mall Arteries are made to arif: 
from the Horta, a little below the 
Emulgents, and to march above: 
Foot before they come to the Tei 
ticles. Now if we conſider that 
the Velocity of the Blood in th: 
ſpermatick Artery, is 2 5 times {loy- 
er than it is at its Orifice, that iz, 
in the Horta; and that the Velocity 
of the Blood in the Iliacks, can be 
but a very little leſs than it is in the 
Aorta, where the Spermaticks ariſe 
the Blood muſt move 2 5 times ſlov- 
er to the Teſticles, than if it had 
gone after the ordinary manner 
from the Iliacks: And becauſe the 
| Space 
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225 it runs thus lowly, is atleaſt 

ix times longer than if it had gone 
from the lliacks ; therefore it muſt 
be 150 times longer in going to 
the Teſticles, hat if it Fad —— 
according to the common Courſe 
of Nature. So that the inteſtine 
Motion of the Blood is not only 
allayed, but ſufficient time is after- 
vards allowed the Particles, which 
are to compoſe the Seed, to attract 
and * before they arrive at 
the Teſticles. ga 


Perhaps it may be laid, that the %* 0% 
Mucus of the Noſe, and the Wax anfwered. 
Blood is not 0 languid as their 
Viſcidity ſeems to require: But 
anſwer, that they are Fluids which 
fall into open Paſlages, where the 
Air having free Admiſſion, carries 
off part of their aqueous Fluid; 
and the Remainder becomes thick, 


s the Serum of the Blood does, 
* when 
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when heated. Beſides, we mma 
remember, that tho the Coheſ 
on of the Particles depends 'upotl 
their” Figures; yer the Force by 
which they attract one anothet 
is likewiſe in Proportion to ' theif 
Solidities. So that Particles of ei 
qual Magnitudes and ſimilar Fr 
gures may cohere „ ſtrongly, 
ret the moſt ſolid will ſooneſt nnite 

ence it is, that of two Fluids e 
ally viſcid, the heavieſt may bt 
rated in Glands nearer to the 
Heart than the -other; and that 
two Fluids of different Viſciditie 
may be ſeparated at the ſame vid 
nity to the Heart, if the quantity 
of the Contacts of the Particles be 
ſuch as will make amends for their 
want of Solidity. e 
Moſt if not all the Secretion 
contain a greater or leſſer Proportion 
of the aqueous Fluid, which makes 
them more or leſs viſcid; yet that 
12 which 
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hich contains the greateſt Quan- 
Wity, may conſiſt of Particles en- 
Wued with a very ſmall and flow at- 
Wractive Force: and conſequently 
Joch a Fluid cannot be ſeparated - 
by any Gland ſo near the Heart, 
as that which has a leſs Proportion 
Ff the ous Fluid, and which 
anfiſts of Particles endued with a 
ronger attractive Force; and this 
aſt Fluid may be much more viſcid; 
than the other, whoſe Particles are 
more diluted! by the watry Fluid. 
Now how it comes to paſs that a 
greater or leſſer Proportion of the 
Fluid is ſeparated in any 
Gland, I ſhall ſhew in the ſecond 
Part of this Diſcourſe. _ | 
But that the different Viſcidities 
of the Secretions do not depend on- 
ly on the greater or leſſer Propor- 
tion of the aqueous Fluid, is evi- 
dent from the foregoing Propoſiti- 
ons; unleſs any one can ſuppoſe 
L 4 that 
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that the Blood conſiſts o 
ſort of Particles: Which Suppoſiti- 
on, beſides that it contradicts/ mat 
ter of Fact, can never account: for 
the Secretion of ſo many different 
Fluids. And that the Diverſity: of 
the Attractions in the Particles it 
the Reaſon; why various VYelocitia 
of the Blood, and Diſtances from 
the Heart, are required for ſecern- 
ing of different Liquors;' is mol 
evident from what has been faid 
concerning the Bile, and the Seed. 
If only a greater or leſſer Propor 
tion of the aqueous Fluid had been 
requiſite for ſeparating of different 
Sorts of Fluids, that might hate 
been done any where, as ſhall: be 
| ſhewn afterwards; and Nature had 
not been pat to ſo many Shifts and 
Contrivances, as we have alread 
ſeen. ' : & 261.4 
gore As ſome Fluids are only to be 


ed any 
where. 


the 


nly of one 


be ſecern- ſeparated in certain Velocities of 
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one the-Blood; and at certain Diſtances 


iti 


1ats 


from the- Hart; ſo there may, be 
others that may be ſeparated any 
vhera, and in any Velocity of the 
Blood. Fheſe are ſuch as conſiſt of 
Particles always in an equal Aptitude 
to be ſecerned; and tho ſome. of 
them may contain ſeveral forts of 
Particles, yet the Nature of theſe 
Fluids does not depend upon the At- 
traction and Coheſion of their Par- 
ticles. Such a fort. of Secretion. is 
the Lympha, which is a watry 
Fluid fecerned in all Parts of the 
Body, for making the Chyle more 
liquid: If it be ſaid, that fince 
the / ywpha might have been ſepa- 
raed any where, and that it ſerves 
only to dilute the Chyle, that there 
ought ro have been à particular 
Gland fomewhere for it in rhe A 
damen, as being the more proper 
Place: I anſwer, that a large Quan- 
ny of Eympha was neceſſary for 

- diluting 
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diluting the Chyle, as appears 
the numerous L yeaphedudzs, wf which 
diſcharge themſelves into the Re 
cepraculum Chyli, Ductus Thoraci 
cus, and Subclavian Veins. And 
if ſuch a Quantity had been ſepa- 
rated by a Gland. or Glands in the 

Abdamen, appropriated to that Uley 
they. mult have had very large and 
— Arteries. | The Live 
has *th- Part, and the Kidney: 
near i th mockiad, the whole Blood; 
which paſſes thro' the Aorta; and 
if the Lymphatick Glands had had 
th Part more (which is the leak 
they could have had) theſe three 
Parts would have had near one 
half.of the Blood, and the other 
half muſt have ſerved all the reſt 
of che Body: Which would have 
been a. very unequal Diſtribution of 
w the Blood. Behdes, Nature is al- 
v8 ways very {imple and frugal in her 
lf Operations; | the never is at any un- 
N 2 7 neceſſary 


| 


— neceflary Trouble: And I will ſhew 
aichWr row (here Part of this Treatiſe 
Re. ho the Lympha may be drawn off, 
ay Glands appointed to ſeparate o- 

her Fluids; 5 that for this Ope- 
ation ſne makes no Part, is at no 
WExpence of Blood: But ſhe muſt 
have been at a very great one, if 
o much Lympha had been drawn 
off by appropriated Glands. 
I rake the animal Spirits to be 07 Se. 
another Fluid of this Kind. They — 
undoubtedly conſiſt of by far the 
ſmalleſt Particles in the Blood, as 
appears by the Minuteneſs of their 
ſecerning Glands; and therefore 
they not being formed by the Co- 
heſion of other Particles, might 
have been ſeparated any where. 
Verche Animal Oeconomy receives 
a' great Advantage by the diſtant 
Station of the Brain from the Heart; 
for if ir had been placed nearer, 
and received the Blood, ſtill * 

1 


* into its calle Particles, by 
the Force of the Air in the Lungs; 


ſuch Particles might have entred 


the Glands, as, afterwards cohering 

to one another, might have ob- 
ſtructed ſuch extremely narrow 
Channels. Now the Brain being 
placed at ſuch a Diſtance, the Par- 
ticles, that by their attractive Poy- 
er form Corpulcles, will have ſuf 
ficient time to coaleſce, and thei 
Magnitude will hinder their entring 
into the Glands. For if it ſhould 
happen, that theſe Particles ſhould 
enter the Glands, and there unite 
together, they would then obſtrud 
the Paſſage to the Nerves, and 
produce Apoplexics, Palſics, Co- 
ma's, Sc. 

The Particles of which the ani- 
mal Spirits conſiſt, being of ſuch ex- 
treme Fineneſs, their Quantity can 
bear but a ſmall Proportion to the 

other Fluids in the Blood ; and con- 
ſequentiy 
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ſequently there Was. a Neceſſity of 
a prodigious Namber of Glands to 
ſeparate them from the Blood; and 


this is the Reaſon of the great Bulk 


of the Brain. 12 
The Operations of Nature are 91. 
always the moſt eaſie and ſimple. . 


Now how much mote eaſie is it to e 


of Parti- 


have the ſeveral Secretions formed c inthe 


after the Manner which has been? 
demonſtrated, than to ſuppoſe as 
many different ſorts of Particles in 
the Blood, as there are Fluids fe- 


parated from it? It is not eaſie to 


determine, how many different ſorts 
of Particles are in the Blood. In- 
deed, Phyſick ſeems in nothing ſo 
defective, as in the Knowledge of 
the Nature of the Blood. But if 
the ſame Pains had been beſtowed 
upon it in a mechanical Way, that 
have been, in vain, ſpent in ſearch 
of its Principles by Chymiſts; we 
had long e' er now had a more per- 
| HE, fect 
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fect Knowledge of its Nature, than 
ever we can have by Chymiſtry, 
which can only ſhew how by Art 
its Parts may be altered, not what 
Parts it contains. 2 
A few different ſorts of Particles 
variouſly combined, will produce 
reat Variety of Fluids, ſome may 
Rive only one ſort, ſome two, ſome 
three, or more; and perhaps the 
aqueous Fluid is the common Rafi 
of all the Secretions. 'If we fup- 
poſe only five different forts of Par- 
ticles in the Blood, and' call them 
a, b, c, d, e, their ſeveral Com- 
binations, without varying the Pro- 
portions, in which they are mixt 
will be theſe following. 
1:8 1:8 | ene 
bc: bd: be: cd: 
ce: de: abc: adc: 
abd: abe: ace: ade: 
bac: bde: bec; dee: 
abcd: abce: acde; abde: 
bede: abcde, But 


— 
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But whether there are more or 
fewer in the Blood I ſhall not de- 
. dermine. 
No Theory of Secretion has hi- / 0- 
therto been able to give any tole- Tf Mee 
rable Account of the Operation of 77 , 
Purgative, Diuretick, or ſuch Me- 4 
dicines as promote any Evacuation. Ae 
For if the Humours are every where“. 
. equally mixt with the Blood, that 
is, if the Blood is in every Part of 
the Body the fame, and its Parti- 
cles are not more apt to form cer- 
tain Humours, in ſome certain Parts 
of the Body than in others; or if 
they are not forced by the Power of 
any Medicine to form ſuch Hu- 
mours; then, and inthis Caſe, the 
Quantities of Humour ſeparated i in 
equal times, will be, always as the 
Velocity op the Blood. But the 
Velocity of the Blood is ſeldom v8 
doubled by any Medicine, and ne- 1 
ver tripled by Fe moſt acute F ever, 11 
| as 
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as is evident from the Number of 


Pulſes in a Minüte, which I hate 
rarely found above 120 in the High-. 
eſt Hectick, and I am apt to think 

Palles in a 


there never were 180 


** 1% 


Minute, which is triple the Num- 


ber they generally are. | T he Quan- 
tity of Humour, however drawn off 


' 7 „ Sf S* . x r 411 4 
by evacuating Medicines, is often 


20 times greater than the natural 


Quantity; and therefore upon fup-, 


polition that the Humours are eye- 
ry where equally. mixt with the 
Blood, the Operation of evacua- 
ting. Medicines can never be ac- 
counted for. AE Ct 
Tho this. Argument has the 
Strength of a Demonſtration, jet 
there are ſome who explain the O- 
peration of Purgative and other e- 
vacuating Medicines by a certain 
ſtimulating Faculty which they ſay 
they have, whereby the ſluggiſh 
Juices are not only forced out, but 


the 
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che obſtructed Channels opened, 
L and the Motion of the Blood is 
| quickned: But tho! we ſhobld al- 
low fiich a Power in theſe Medi- 
cines, it would remain to be ex- 
| If plairied; why certain Medicines do 
only ſtimulate certain Glands? Why 
I does Jalup affect only the Glands of 
| the Inteſtines, Mercury the falival 
lands, and Nitre the Kidneys? 
| MW There certainly can be no Account 
„given of their particular Affection 
or Antipathy, call it which Fn 
© vill: However let us grant they 
„ have ſuch, we ſhall not therefore 
nd them qualified to produce the 
Effects they do. For firſt it is evi- 
le dent that evacuating Medicines have 
ct WW ſome other Power beſides the ſquee- 
ing out the ſtagnating Juices, be- 
e- cauſe when they are all ſqueezed 
out, they ſtill evacuate as much, if 
they are repeated, as they did be- 
fore; as is plain by continuing 4 
| M Salt- 
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Salivation for many Days,. | Second 
ly, we cannot ſuppoſe that all Bui 
dies have every where, and at er 
times, Juices ſtagnating, but the 
Medicines conſtantly produce tha 
Effects more or leſs at all time ior 
Thirdly, If we ſhould ſuppoſe hang 
the Veſſels obſtructed, an evacuiliſe 
ting Medicine could but double t 
Quantity that was evacuated befay 
it was taken. Fourthly, If tha 
Medicines only operate theſe wa 
then in à healthful Body, he ei 
there were no Obſtructions, th ea 
would have no Effect at all. Fifth 
ly, If che removing Obſtractia 
were the Cauſe of the, greater Qua 
tity evacuated, then the Evan im 
tion ſhould ſtill continue in a gr 
ter Degree than before the Qbitrſpap 
ction was removed; whereas in Fall 
we conſtantly find it leſs as tre 
Medicine works off. Sixthly, ThaÞnh 
a Medicine by ſtimulating 8 Velaſprl 
3 


maſ 


ml 
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ay quicken the Motion of the 
Fluid: in that Veſſel, yer ir can ne- 
eFinning thro? it in equal Spaces of 
mme, becauſe it quickens the Mo- 
oon of the Fluid only by contract- 
Ang the Veſſel; and therefore the 
iter the Fluid is made to run 
ough rhe Veſſel, the leſs Fluid 
Grifice of the Veſſel admits ; 
ad conſequently after the Veſſel is 
mtracted by the ſtimulating Me- 
leine, the Secretion will be leſs in- 
lead of being greater. That a 
himulus cauſes the Part upon which 
acts to contract, is matter of Fact; 
ad that Purgative Medicines do 
imulate the Bowels, every ones own 
kxperience convinces him: But per- 
aps it may be ſaid thar they like- 
{ſe ſtimulate the Heart, and in- 
eaſe its Force; being they not 
ho we quicken, but raiſe the Pulſe; 
{ld ve 
1a 


7 
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* 


Tv 


at a greater Quantity of Blood 
M 2 1S 


168 


Of Animal Secretion. 


is ſent to the Glands of the Guts 
This I readily grant, but deny tha 
this is the principal Action of Purge 
tive Medicines 1 becauſe that by the 
ſame. Force a greater Quantity d 
Blood is ſent to all the other Gland 
of the Body, whoſe Fluids are n 
however ſenſibly increaſed ; and the 
Glands of the Inteſtines, receive 
leſs Quantity in Proportion thy 
any others, becauſe they cannot h 
ſomuch dilated by the greater Fort 
of the Blood, as others, which 
not ſo much ſtimulated by the M 
A 
There are others who will ha 
evacuating Medicines endued wit 
an attenuating Quality, by whid 
they Aiffolve all the Coheſion ) ng 
the Particles of the Blood, and { 
ſet the ſeveral Humours at Liber 
to paſs through their proper Gland 
But if theſe Medicines have a Pon 
er to diflolve univerſally all the Cc 
5 Cv heſior 
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heſions of the Blood, then eve- 
ry evacuating Medicine would e- 
ually and indifferently increaſe the 
EE of every Secretion; Mer- 
cury would as conſtantly purge as 
alivate, and Nitre promote Per- 
ſpiration as well as Urine; but this 
is repugnant to Experience. If they 
have a Power to diſſolve certain 
Coheſions, and not others, what 
is this but the ſetting certain Parti- 
cles of the Blood at Liberty to paſs 
through their proper Glands, which 
vere not ſo before? And is not this 
preparing the Humours in the 
Blood, in order to increaſe the 
Quantity of Secretion® Muſt not 
therefore evacuating Medicines have 
a Power to affect and operate upon 
ſome Particles and not others, that 
is, to repel ſome Particles, attract 
retain and alter others? And this is 
vhat we affirm to be in all Medi- 
M 3 cines, 
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cines, and what a thouſand chymi- ÞÞ th: 
cal Experiments evince. 
There has never yet been any 
Theory of Secretion which would 
from one Principle explain the dif- 
ferent Operations of evacuating Me. 
dicines. The Operation of Pur- 
gative Medicines has been gene- 
rally explained by their {timulating 
Faculty, of Diareticks by liquifying 
the Blood, and Sudorificks by heat: 
ing and rarifying it. Whereas Nu 
ture always acts the moſt fimply; 
and from this one ſimple Principle 
of different Medicines attracting di 
ferent Particles of the Blood, the 
Operation of all evacuating Medi 
cines is moſt eaſily accounted for. 
The ſeveral Humours being for- 
med by the different Coheſions of ſen 
the Particles of the Blood, the tic 
Quantity of Humour ſecerned by Sec 
any Gland, muſt be in a Proporti- far 
on compounded of the Proportion, foi 
that 


- —— —_ 


) 


U 


that tlie Number of the Particles, 
cohering in ſuch a manner as is 
proper to conſtitute the Humour 


which paſſes through the Gland, 


bears to the Maſs of Blood, and of 
the Proportion of the Quantity of 
Blood that arrives at the Gland. 
And hence it follows, that where 
there is a determined Quantity of 
2 certain Humour to be ſeparated, 
the Number of the Particles that 
are proper to compoſe the ſecerned 
Liquor, muſt be reciprocally pro- 


portional to the Quantity of Blood 


that arriveth at the Gland: And 
therefore if the Quantity of the Se- 
cretion is to be increaſed, the Num- 
ber of the Particles is to be increa- 
ſed; if the Secretion is to be lef- 
ſened, the Number of the Parti- 
ticles, that are proper for ſuch a 
Secretion, is to be leſſened in the 
fame Proportion. Medicines there- 
fore which can alter the Coheſions 

M 4 and 


Of Amma Secretion. 171 


go. = — —— 
+ PLD w- — o 
—ͤũ———m — — —— — — 
— — - — 

— 

PR 

8 2 _ — 

* * ** 


= 9 — 3 — _ — 
Le OR —— - 7 — 
_ - - — — 
: 


— wo —” r 1 —_ 
— — — — =_ 
_ CC — 


— 
—— — Te ooo — —___ 
— - - — ” 
—— — _ — - — — 
< - c— — — — 
— . — — _ 
-- —_—_— _—_— - * — 
o - - 
— oy E FS 3 * 
- > a - 
id 5 wht < 
> - 


Wo... 


172 


Animal Secretion. 


and Combinations of the Particles, 


can either increaſe or diminiſh he 
Quantity of any Secretion. Thus 
for example, ſuppoſe the Humour 
which paſſeth through the Glands 
of the Inteſtines to be compoſed of 
three or four ſeveral ſorts of Parti- 
cles; that Medicine which will ea- 
ſily cohete to theſe Particles, and 
cohcring increaſe their Aber At- 
tractions, ſo as they unite in grea- 
ter Numbers at, or before they ar- 
rive at the Inteſtines, than they 
would have done if the Medicine 
had not been given, muſt neceſla- 
rily increaſe the Quantity of Hu 
mour, which paſſeth through the 
Glands of the Inteſtines, if the 
Quantity of Blood which arrives at 
the Glands is not diminiſhed in the 
ſame Proportion, as the Number of 
the Particles is increaſed. Aftet 
the ſame manner do Diureticks, 

Sudo- 
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udorificks, and Medicines which 
promote all other Secretions, ope- 
—_ uot! ran 

If Medicines, which increaſe the Se 

' | a | Purges. 
Quantity of any Secretion, operate 
by uniting to, and augmenting the 
attractive Force of the Particles, 
which compoſe the Humours to be 
ſecerned; may not the Particles 
of ſome Humours, ſooner, more 
eaſily, and ſtrongly unite to the 
Particles of ſome ſort of Medicines, 
than to another ſort? And conſe- 
quently, may not different Humours 
require different purgative Medi- 
cines to carry them off thro' the 
Glands of the Inteſtines? And does 
not this re-eſtabliſh the Doctrine of 
elective Purges, confirmed to the 
Ancients by Experience and Ob- 
ſervation, but rejected by the Mo- 
derns thro” a falſe Philoſophy ? 

Why the. increaſing the Quan- 
tity of ſome Secretions ſhould di- 
| CC miniſh 


— 


| ' 


174 Of Animal Secretion. 
miniſh that of others, it is not eaſy 
to explain by any other 'Theory, 


For if the, Blood is equally mixt 
in every Part of the Body with all 
the Humours which are ſeparated 
from it, that is, if the Mixture of 
the Blood is every where alike ; fo 
that every Humour bears the ſame 
Proportion to the reſt of the arte- 
rial Blood, in one Part of the Body, 
that it does in another, (as all other 
Theories ſuppoſe) and if every 
Humour has its own proper Gland 
thro' which it is ſeparated; then, 
what is ſeparated by one Gland, is 
not ſubtracted from another, and 
conſequently does not diminiſh the 
Quantity of Humour which flows 
to this other, but indeed does ra- 
ther increaſe the Quantity of this 
other Secretion; for the more any 
one Humour is carried off, the 
greater Proportion any other re- 
maining in the Blood, bears to the 

remaining 
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remaining Blood: And therefore 
the mote any one Secretion is in- 
creaſed, the more all the reſt ſhould 
be encreaſed likewiſe. But if all 
the Humours are compoſed by the 
Combination of a fy different 
ſorts of Particles, then the more 
apt theſe Particles are to run into 
any one fort of Combination, the 
leſs all other Combinations muſt 
be; and conſequently the increaſing 
of any one Secretion, mult neceſſa- 
rily diminiſh the Quantity of all 
others, but moſt eſpecially of that 
which has the moſt of the ſame 
ſort of Particles, 

If the ſeveral Humours which 
are ſeparated from the Blood, are 
not formed after the manner we 
have ſhewn, then the Blood muſt 
be compoſed of near thirty ſimple 
Humours, for ſa many at leaſt are 
conſtantly feparated from it. But 
to ſuppoſe the Blood compoſed 2 

0 


176 Of Animal Secretion. 


ſo many ſimple Humours, as are 
daily ande! in the Glands, is not 
at all agreeable to that Simplicity 
which Nature affects in all her Ope- 
rations. The Principles of all na- 
tutal Bodies, are ſaid by Philoſo- 
phers not to exceed the number 
ve; and yet how prodigious is the 
Variety, which S. Its from their 
different. Mixtures, and Modifica- 
tions. A few Rays of Light, of 
different Refrangibilities, mixt all 
together, produce a white Colour; 
but variouſly combined exhibir al 
imaginable Variety of Colour. 
And can we imagine Nature to have 
made ule of leſs Art and Contri- 
vance, in the building of a Fabrick, 
whoſe every Part demonſtrates the 
Wiſdom of the Builder, and excites 
our Wonder and Adinirition. No, 
undoubtedly the ſeveral Humours 
are compoſed by the various Com- 
binations, and Mixtures, of a few 
different 
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different ſorts of Particles : This is 
agreeable to the Methods of Nature, 
which never uſes niore Means, or 
Inſtruments, when fewer will do: 
It is evident that in many of the 
Humours ſhe actually uſes this Me- 
thod; and this Method ſuppoſed, 
gives a more eaſy and ſatisfactory 
Account of the ſeveral Phænomena 
of Secretion, than has ever yet 
been given by any other Theory. 
For if the ſeveral - Humonrs are 
formed by the various Combinati- 
ons of a few Particles, what can 
give a more eaſy and natural Ac- 
count of evacuating Medicines, 
than to ſuppoſe them to have a 
Power of drawing certain Particles 
of the Blood to one another, in 
order to form a Humour, which 
being therefore more abundant in 
the Blood, muſt neceffarily be ſe- 
parated in a greater Quantity? And 
this is no hard, nor unnatural Sup- 
| poſition, 
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tion, when chymical Experi- 
— evince that there is n 
Power in every Particle of matter; 
If therefore Medicines have ſuch 2 
Power, and the Humours are com- 
as has been ſaid, it is Demon- 
ion that evacuating Medicines 
do operate in the manner has been 
explained, and that all other Ac- 
counts which are contrary to this 
are falſe and groundleſs. 
_ How it comes to paſs that the 
Blood in every Individual is more 
apt to fall into ſome certain Com- 
binations, than it is in others, | 
freely o n my Ignorance ; but from 
this Propenſity ariſes all the diffe- 
rent Temperaments and Conſtitu- 
tions of the humane Body. For it 
is not the more copious Secrerion 
of any of the more noted Humour, 
which conſtitutes a Temperament; 
but it is a certain Proportion of all 
the Humours — — 


and 
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Of Animal Secretion. 
and perhaps to every Proportion 
there is an agreeable Fitneſs and 
Diſpoſition of the ſolid Parts. The 
common Nature of Animals allows 
of as many different Temperaments, 
as there are kinds of living Crea- 
tures; and every Individual of each 
Kind, may as well have its own pro- 
per Temperament, as its peculiar 
Features and Lineaments. Some 
Temperaments may differ ſo little 
from one another, that the leaſt 
change may make them fall iato 
one another, Others again are ſo 
widely different, that the whole 
Force of Nature can never drive 
the one into the other. And ſee- 
ing the Combinations of the Hu- 
mours are almoſt infinite, ſome 
mult be very ſingular, and very 
different from the generality of 
Combinations; and from thence 
it is that we find very odd, and 
remarkable Conſtitutions, in which 


not 
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not only Medicines, but even Meats 
and Drinks have not their uſual, 
but many times a quite contra- 
ry Effect. And upon this depend 
the different Appearances of the 
ſame Diſtemper in different Perſons; 
and for the ſame Reaſon it is, that 
what proved ſucceſsful to one, will 
not always in the like Caſe relieve 
another. | 
Nature has not confined the 
Health of humane Bodies to one 
certain and particular Conſtitution, 
to which the nearer any other is, 
the more healthful it is; and the 
farther from it, the leſs : But as in 
a Clock, it is not at all neceſlary 
to its going well, that the Move- 
ments be diſpoſed after one certain 
manner, or that they be joined to- 
gether in one certain Proportion; 
but there may be ſeveral Diſpoſiti- 
ons, and Proportions, all equally 
good: So there are ſeveral Tem- 
peraments 
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| peraments; or Conſtitutions, which 

neteſſarily produce good Health. 

As every Kind of Animals, tho' of 
very different Temperaments from 
one another, may enjoy a perfect 
Health; ſo undoubtedly this Health 

may be equally diſtributed to ſeve- 
ral Temperaments of each Kind. 
There are many perfectly beautiful 
Diſpoſitions of the different Features 
of the Face, there are many more 
which cannot be ſaid to be diſagree- 
able, but the Multitude of ugly ones 
i almoſt infinite. It is the ſame thing 
vich the Humours of the Body; 
a 3 may be the reſult 
of various Proportions of the Hu- 
mours amongſt themſelves; the 
ſeveral Degrees of Health may ariſe 
from a much greater Variety in the 
Proportion of the Humours; and 
without doubt there may be innu- 
merable Combinations inconſiſtent 
vith any Degree of Health. 
| N The 
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i The Animal Body is nothing 
{44 of but a Machine, whoſe Actions and 
dae, Motions are all performed by Fluid 
fr thean-ſecerned from the Blood, and & 
Hege, cretion is the Spring of all the ani 
Nature of mal Functions. By its means the 

Heart beats, the Blood circulate, 

the Limbs are moved, and the Ali 
ments concocted and digeſted, and 

in a word, the whole Animal Oe 
conomy, and Life depend upon it; 

the Blood its ſelf ſeeming to hart 
little other uſe, beſides the recruit 

ing and renewing the ſecerned Li 
quors. I ſay therefore, ſince Lik 
and Health depend upon the Secre 
tions; ſo likewiſe muſt all Diſeaſe, 
which are ſaid to be univerſally in 
the Blood, and many of thoſe which 
affect particular Parts. If the Quar- 
tity and Quality of all the Secret: 
ons are ſuch as are proper and 
uſeful for the ſeveral Purpoſes, fot 
which by Nature they are a 
' hoy 
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how is it poſſible but that the whole 


Animal Oeconomy, muſt be in right 


Order, and that Body in a good 
State of Health 2 Unleſs we can 
ſuppoſe an Error in the firſt Con- 
trivance of the Body; a Suppoſiti- 
on no Man in his Senſes can make. 
But if the Quantity of any Secreti- 
on exceeds its due Bounds, what 
Diſorders it makes is evident from 
2 Diarrhæa, Diabetes, Epiphora, 
Sweatings, Oc. If the Quantity of 
any Secretion falls ſhort of what it 
ought to be, the Effects are of no 
leſs pernicious Conſequence ; as ap- 
pears from a __ of Urine 
in the Kidneys, from the Jaundice 
and a Stoppage of Perſpiration. 
And that the Quality of the Secre- 
tions altered do likewiſe create great 
Diſorders, is obvious from the Pains 
of the Cholick, of a Diarrhæa, and 
Dyſentery, from the Sharpneſs of 
Urine, which ſometimes produces 

N 2 Ulcers 
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| Ulcers in the Bladder and Kidneys; 
| and- even the Spittle is known to 
corrode the Mouth. I have choſen 
| to give moſt Inſtances of ſuch Se- 
| cretions, as are properly Evacuati- 
0 ons, becauſe their Effects are apps. 
| rent to every Body, and cannot 
N poſſibly be ſaid to be only a Notion. 
But if the Alteration of thoſe is of 
ſuch ill Conſequence, what Effeds 
muſt an undue Quantity, or the 
vitiated Quality of theſe, which 
are retained in the Body, and em 
ployed about the neceſſary Funct- 
ons of Life, produce? The Diſor- 
ders they create, are not ſo evident. 
ly the Effects of their ill State, tho 
by a juſt reaſoning, we may ſome 
times deduce them; and therefore 
a right Notion of Secretion mul 
| be of the greateſt Uſe and Impor- 


tance, for the underſtanding d 
moſt Diſeaſes, 


XY i 


— ©H, Dn © << 


— 


mm — 


1 (hall 


Of Animal Secretion. 185 


I ſhall only inſtance in a Diabetes, 
and from this Doctrine of Secretion 
explain the Nature of that Diſcaſe 
hitherto unknown, The Symp- 
toms which precede a Diabetes, 
are little mall {9k Pains, and fre- 
uo! Twitchings of the Tendons; 
theſe are followed by a profuſe 
Evacuation of a clammy, ſweetiſh 
Urine, as if Honey were diſſolved 
in it; which is conſtantly attended 
with a Thirſt, quick Pulſe, Faint- 
neſs,and Loſs of Strength: All which 
depend upon the Flux of Urine, 
and increaſe and diminiſh in the 
ſame Proportion with it. The e- 
vident Cauſe of this Diſtemper is 
an habitual drinking of ſtrong Li- 
quors, and the more ſpirituous they 
are, the ſooner and more violently 
they bring it. But a Diabetes is 
not always cauſed by an habitual 
drinking of ſtrong Liquors, for 
ſometimes it proceeds from ſome 

N 3 internal 
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| internal and latent Cauſe. Hoy- 
ever, the Nature of the Diſeaſe i; 
always. beſt known, by conſidering 
what Effects the evident Cauſes of 
it produce in the Body. 
By an habitual drinking of ſtrong 
Lge, it comes to paſs in pro- 
ceſs of Time, that the Serum, or 
thin Part of the Blood, contains a 
large Proportion of a ſpirituou 
Fluid; or that Part of the Serum 
which ſhould be Water, is for the 
orcateſt part Spirit. Now the Salts 
of the Urine or Blood, will not 
_ diflolve in a vinous Spirit, that is, 
the Particles, of which the Salts 
conſiſt, are more ſtrongly attract 
ed by one another, than they are 
by ſuch a Fluid, as by Experiments 
| it appears. And therefore the 
| Quantity of Salts in the Blood, 
will be daily increaſed, and circu- 
lating thro' the capillary Veſſels, 
muſt irritate the fine Fibres, and 
Wen 2 
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cauſe little Pains and Twitchings 
all over the Body. But when the 
Serum is full of theſe Salts, the 
diſtance between them and the 
Globules of the Blood will be leſs ; 
and conſequently they will attract 
the Globules of the Blood more 
ſtrongly than the Globules attract 
one another; and the Globules, 
or red Part of the Blood, will be 
diſſolved and diffuſed thro' the Fe- 
rum of the Blood. And this again 
is confirmed by Experiments; for 
nothing does render the red Part 
of the Blood ſo fluid, and keep it 
more from coagulating, when drawn 
in a Cup, than urinous Salts and 
Spirits. When the red Part of the 
Blood is thus diſſolved and united 
to its Serum, it will with the Serum 
be carried off thro' the Glands of 
the Kidneys, and being united to 
the Salts, will alter their Figures 
and Properties; as Litharge and 
N 4 Corall 
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will increaſe, as the Quantity of 


it is evident that the Indications of 


of the Salts with the Blood, and to 
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Corall do the Salts of Vinegar, be 
giving them a ſweet Taſte. at 

All quick Evacuations of the Veſ- 
ſels muſt diminiſh the Quantity of 
Fluid ſeparated in the Glands; and 
therefore the greater Quantity of 
Urine is voided in a ſmall time, the 
leſs Salva and animal Spirits will 
be ſecerned by their reſpective 
Glands: And conſequently Thirſt, 
Faintneſs, and Loft of Strength 


Urine excreted increaſeth. 
This being the State of the Blood, 


Cure, are to diflolve the Coheſions 


carry them off by Urine. Theſe 
can be anſwered by nothing ſooner 
or better than Waters, which are I a 
therefore to be drunk in large Quan- || fi 


tities. And of all Waters, thoſe P 


which have a Tincture of Lime are | tl 


belt, 
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beſt, becauſe Lime does ſtrongly 
attract urinous Salts. 

I could ſhew the Uſefulneſs of 
this Doctrine, in explaining ſome 
Symptoms of Fevers, Rheumatiſms, 
Small-Pox, and ſome other Diſea- 
ſes, which are not thought to de- 
pend upon Secretion; and from 
thence deduce what things are hurt- 
ful, and what uſeful in the ſeveral 
Methods of curing them: But that 
would carry me beyond my preſent 
Deſign, and perhaps may more ful- 
ler be illuſtrated ſome time hereaf- 


ter. 


I will only take notice, that Of Rheu- 


from this Theory, we have a plain nw. 
and eaſie Account of the Thick- 
neſs of the Blood in Rheumatiſms ; 
for it is known, that this Diſeaſe 
ariſing generally from a Cold, the 
frigorifick Particles. entering the 
Pores of the Skin, not only diſpoſe 
the Blood to run into ſuch Cohe- 


ſions 


19 


Of the 


Goxt. 
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the Serum of the Blood, which will 


ſions as are proper to form the Hu- 
mours ſecerned in the Glands of 
the Lungs or Noſe; but they alſo 
give a ſtrong Attraction and Cohe- 
ſion to the Particles ſwimming in 


be ſtrongeſt in the Extremities where 
the Motion of all the Particles is 
near equal by the 11” Propoſition, 
That it is in this manner our Blood 
is affected in Colds, and not by the 
Stoppage of thePores, as is generally 
thought, Icould veryevidently prove, 
This equal Celerity of the Particles 
of the Blood in the Extremities, i 
likewiſe the Reaſon why the Con- 
cretions of the Gout are formed 
there; unleſs by frequent Debauch- 
es, or a Decay of Nature, the Mo- 
tion of the Blood becomes ſo lan- 
guid, that theſe Particles eaſily at- 
tract one another in the Blood-vel- 
ſels of the Bowels, where I have 
ſhewn that the Motion of the Blood 


15 


al 
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is alſo very flow: And then fach 
Remedies as warm and increaſe the 
inteſtine Motion of the Blood, and 
thereby diſturb the Attraction of 
the gouty Particles, relieve the 
Bowels, and ſend the peccant mat- 
ter to the Extremities again. To f. 
this Attraction of the Particles in- 
the Urine, is owing the Formation 
of Gravel and Stone in the Kid- 
neys and Bladder; and the Nucleus 
of the Stone in the Bladder, being 
almoſt equally ſurrounded every 
where with the Fluid of Urine, its 
Attractions are almoſt every where 
equal ; and therefore the Stone is 
made up of ſo many parallel Shells 
or Lamine. Now from this it de- 
monſtratively follows, that copious 
and liberal drinking muſt neceſſari- 
ly prevent the Growth of both : 
For by that the attractive Particles 
e are removed at a diſtance too great 
dF to attract one another. Provided 
s SES 1 always 
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The Ope- 


rations of 


Medicines will account for moſt Diſeaſes; ſo 
<xplicable doubt not, but that by it likewik 


by Attra- 
Bow. 


with a ſtrong attractive Farce, by 


always that the Drink be ſuch, a 
is not highly ſaturated with Parti. 
cles, which eaſily and ſtrongly at- 
tract one another; what theſeDrinks 
are, they who know the Nature 
of the Liquors which are commonly 


drunk will eaſily underſtand. _. 
As this Principle of Attraction 


the Operations of all ſorts of Me- 
dicines may be explained. For ei 
ample, Medicines which thicken 
the Blood, are ſuch as conſiſt df 


very ſmall Particles, and endowed 


which eaſily cohering to the Gte- 
bules of the Blood, they increaſe 
their Attraction to one another, 
and fo produce a Coagulation, or 
at leaſt a thickening of the Blood. 
On the contrary, if a Medicine 
conſiſts of ſuch Corpuſcles, as will 
eaſily unite with the aqueous Parti- 

cles, 
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cles, and increaſe their Attraction; 
ſo that they attract the Globules of 
the Blood with a greater Force 
than theſe Globules attract one ano- 
ther, then will the Globules recede 
from one another, be diffuſed thro' 
the Serum, and the Coagulum be 


diſſolved. A Gonorrhea is undoubt- — 
edly 1 by a very active Salt, Aa. 


which being ſtrongly attracted by 
the Humour in the Glands, and u- 
niting to it, like the Acids of Salt 
and Vitriol to Mercury in the Pre- 
paration of Sublimate, forms a ve- 
ry virulent ps, which corrodes the 
Veſlels, and produces Ulcers. And 
as Sublimate loſes its corroſive Fa- 
culty by the Addition of more 


Mercury, which ſtrongly attracts 


its acid Salts ; ſo Mercury mixt with 


the Blood, attracts the acid Salts of 


the Pox, and uniting to them, car- 
ries them off, either by Stool, Spit- 
tle, or otherwiſe. This Power, by 

which 
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which Mercury attracts acid and 
ſharp Salts, is the Reaſon why Cin- 
nabar is ſo good a Medicine in fixt 
and vagrant Pains, as in a Rheu- 
matiſm: For the Urine of Rheu- 


matick Perſons is found upon Ex- 


amination, not to contain its due 
Quantity of Salts, which therefore 
being retained in the Blood turn a- 
cid, and produce Pains. 

Now 1 doubt of the Truth 


of a Principle ſo ſimple, and yet 
which like a Maſter-key opens 


Works of very different Contrivan- 
ces, and diſcloſes an Uniformity in 
all the Operations of Nature; fo 


that every one may ſee and read the 


ſame Thought and Hand in the 


Contrivance and framing of every 


part of the Univerſe. By it we ſee 
the Reaſon why the Branches of all 


the Arteries in the Body, have the 


Sum of all their tranſverſe Sections 
greater than the tranſverſe Section 


of 


of the Aorta; for if it had been o- 
therwiſe, there could have been no 
Mucilage ſeparated for the eaſy Mo- 
tion of the Joints, without ſuch a 
Structure as the Spleen at every 
Joint where this 3 was ne- 
ceſſary. By it the Reaſon not on- 
ly of the general Structure of the 
Veſſels is demonſtrated, but like- 


Situation of the particular Parts, as 
of the Lungs, Spleen, Porta, and 


ture of the Blood and all the Secre- 
tions may be explained. By it the 
whole animal Oeconomy, and all 
its Diſorders, the ſeveral Diſeaſes 
incident to the Body, the Nature 
of their Remedies, and the ways of 
their Operations may be accounted 
for. This is that grand Principle, 
by which all the Particles of matter 
in this Planet are actuated. By 


which, but with a different Force, 
all 
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wiſe the Neceſlity of the Frame and 


of all the Glands. By it the Na- 
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all the Planets are carried round the 
Sun; and as the projectile Velocity 
of the Planets, adjuſted to the Sun's 
Attraction, cauſes them to move in 
their ſeveral Orbits; ſo the Veloci 


ty of the Blood, adapted to the At. 


traction of its Particles, cauſes the 
ſeveral Humours to be ſecerned at 
certain diſtances from the Heart by 
their reſpective Glands. we 

1 ſhall now proceed to the ſe- 
cond thing I propofed to ſhew; 
which is, The manner whereby the 
feveral Fluids, after they are for- 
med in the Blood, are ſeparated from 
it by the Glands. 

This does depend intirely upon 


the Figure and Structure of ; the 


Glands; which muſt be therefore 
firſt determined. As Truth when 
plain and evident does of it ſelf diſ- 
pel all falſe Opinions; ſo the true 
Structure of the Glands being once 
demonſtrated, there will be no Oc- 

2 | caſion 


, ͤ ,. 
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caſion to refute the Doctrine of 
Ferments; nor the Hypotheſis of 
Tubes . differing as to the Figures 
of their Orifices, both which have 
been ſeveral times demonſtrated to 
be falſe. | 
That the Glands are nothing 
but Convolutions of ſmall Arteries, 
the greateſt and moſt accurate A- 
natomiſts of this Age, Malpigbius, 
Bellint and Nuck have diſcovered. 
And indeed that all the Veſſels of 
the Body, in which the Liquors 
are continually moving, 4 
no other than a Cylindrical or Co- 
nical Form, is demonſtrable from 
the Nature of Fluids, whoſe Preſ- 
ſure is always perpendicular to the 
Sides of the containing Veſſel, and 
equal at equal Heights of the Flu- 
id: If therefore the ſides of the Veſ- 
ſels are ſoft, and equally yielding 
every Where (ſuch as are all the 
Tubes in the Body of a Fœtus) they 

O mult 
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muſt by the Preſſure of theit co jr 
tained Fluid, be equally every where I m 
diſtended; and conſequently the n 
Sectlotl of fuch a Veſſel petp bends 
cular to its Axis muſt be a Circle, p 
and therefore the Veſſel muſt be Ar 
either a coticave Cone or Cylinder, N th 
or at leaſt ſuch a Figure whoſe tranſ-· I Pi 
verſe Section is a Circle: of 
The Circular Orifices therefore en 
of the Glands can only differ in 
Magnitude, and all forts of Pati- 
cles of a leſſer Diameter than that 
of the Orifice of the Gland may 
enter it; fo that without ſome fat- 
ther Contrivance, that Fluid Which 
contains the biggeſt Particles, muſt 
likewiſe conſiſt of all the Particles 
of all the other Secretions ; neither 
could any Fluid thicker than the 
Blood be ſeparated from it, becauſe ny 


of the grear Proportion of the aque- id; 


ous Fluid; whoſe Particles being I fro 


vaſtly ſmaller than any other, and I Bl 
invi- 
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jnviſible to the beſt Microſcopes , 
muſt enter all the Glands, and be 

mixt with the ſecetned Fluid. 

How this Inconvenieney may be 
prevented, and how the Particles of 
any fize may either be ſeparated by 
themſelves, or with any aſſigned 
Proportion of the aqueous Fluid, or 

of other leſſer Particles, I ſhall now 
endeavour to ſhew. 


Suppoſe AB tobea | | 
2 — At-- Ye 
tery, and that the rk 

. — of the leaſt — : 
ze were to be fepa-  ———— 
ated from the — — — 
From the fide of the Artery muſt 

ez Warife the Gland ot Tube CK, whole 

er I Orifice at C is ſuch as is capable of 

ie admitting only Particles of the leaſt 

ſ ¶ ae, togethet with the aqueous Flu- 

e- Iid; theſe therefore will be ſeparated 

g from all the other Particles of the 

d Blood, and the Tube C K being a 

i- O 2 Cylinder, 
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Cylinder, they will-paſs to its far- 
ther end K, which is ſuppoſed to be 
the excretory Duct of the Gland. 

If the Quantity of the aqueous 
Fluid, ſeparated with the leaſt Par- 
ticles muſt be diminiſhed, that ſuch 
a Fluid as is requiſite may pals thro 
the excretory Duct K, from the 
Tube C K, you muſt imagine that 
ſeveral other ſmaller Canals go out, 
as at D, E, E, G, whoſe Orifices ate 

ſo ſmall, that they admit no other 
Particles beſides thoſe of the aque- 
ous Fluid to paſs thro them; and 
therefore as the leaſt Particles, to- 

- - gether with the aqueous Fluid pak 
along the Tube CK, the aqueous 
Fluid muſt conſtantly be diminiſhed, 
the Quantity of the leaſt Particle Pa 
ſtill remaining, the ſame can pabſſſ| fice 
no where, but thro* the excretory 

Duct K; and this Diminution -0 

the aqueous Fluid will be always ac 
cording to the Number of the wet ſep 
5 1 nab © 


nals D, E, F, G, that is, in Propor- 
tion to the Length of the Tube 
CK; and therefore according as 
the Gland is longer or ſhorter, ſo 
the more or leſs aqueous Fluid will 
paſs thro* the Orifice of the excre- 
tory Duct K, and conſequently the 
ſecreted Fluid upon this account 
be thicker or thinner, 

If the Particles of a middle ſize, 
between the biggeſt and the leaſt, 
are to be drawn off from the reſt 
of the Blood; let the Orifice at 
the Gland C be juſt ſo big as to ad- 
mit theſe Particles, and not an 
of thoſe that are bigger; Theſc 
Particles therefore, together with 
the aqueous Fluid, and all leſſer 
Particles will paſs thro' the Ori- 
ficeC: But if the Canals D, E, F, G, 
are big enough to receive all the o- 
ther Particles, and too narrow to 
admit the Particles that are to be 
ſeparated; it is evident, that thoſe 
4 5+," Particles 
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Particles muſt arrive at the excre- 
tory Duct K, with what Proportion 
of lefler Particles is required. 

'Thus we ſee how any ſort of Par- 
ticles may be drawn off, either by 
themſelves or mixt with any others 
in any Proportion, and this is done 
in the moſt ſimple manner, only 
by Arteries; for CK is only a ſmal- 
ler Artery, ſtraight, ſpiral, or o- 
therwiſe contorted; and D, E, FP, G, 
are again Arteries ſmaller than it; 
and if any of theſe are fo ſmall, as 
to admit only Particles of Serum, 
they conſtitute Lymphatick Vel- 
fels; from thence it is that we find 
[ymphedutts to ariſe in great Num- 
bers from thoſe Glands that ſepa- 
rate thick Humours, as from the 
Teſticles, Liver, &c. 


E SS AT. V. 
1 


Muſcular Motion. 


Muſcle is a Bundle of 
thin and parallel Plates 
of fleſhy Threads or 
Fibres, encloſed by 
one common Mem- 
brane: All the Fibres of the ſame 
Plate are parallel to one another, 
and tied together at extremely little 
Diſtances, hy ſhort and tranverſe 
Fibres. The fleſhly Fibres are 
compoſed of other ſmaller Fibres 
encloſed likewiſe by a common 
Membrane: Each leſſer Fibre con- 
„ 
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ſiſts of very ſmall Heſiclet or Blad- 
ders into which we ſuppoſe the 
Nerves, Veins and Arteries to open; 
for every Muſcle receives Branches 
of all thoſe Veſſels, which muſt be 

diſtributed to every Fibre. The 

two Ends of each Muſcle, or the 

Extremities of the Fibres, are in 

the Limbs of Animals faſtened to 

two Bones, the one moveable, the 
other fixt; and therefore when the 

Muſcles contract, they draw the 

moveable Bone according to the 

Direction of their Fibres. When 

the Muſcles contract in Length, 

they ſwell in Thickneſs, as may be 
perceived by laying the Hand upon 
the Maſſerer, a Muſcle of the lower 

Jaw, and prefling the Grinders to- are 

gether : But this Power of contrat- ¶ on 

ing or ſwelling is loſt when either £ fo! 
the Artery or Nerve of the Muſcle I wl 

is cut or tied; and therefore we con- w 

clude that the Contraction, Swell- I th 


ing 
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ing, or Motion of the Muſcles is 
performed by the load and Animal 
Jprrus diſtending the Veſicles of 
Cavities of the Fibres. This Di- 
ſtention of the Ye/icles of the 7 * 
muſt be either p rk bein 


with a greater 
and nid Spirits - — were 
before the Contraction, or the 
Blood and Spirits mixing muſt rariße, 
* fill up a greater Space. 
That the Veſicles of the Fibres 
are not diſtended purely by the 
Quantity of Blood and Spirits, will 
2 pear if we conſider, that were 
Veſicles diſtended only by the 
Quantity of Fluids contained in 
them, Nature (whoſe Operations 
are always the moſt ſimple) had 

only uſed one Fluid and not two; 
for in the Works of Nature we no 
where find two neceſſary Cauſes 
where one could have produced 
the ſame Effet: Now how ſmall 
| ſoever 
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ſoever we ſuppoſe the Quantity of © 7, 
Fluid brought by the Nerves to the git 
Muſcles, that alone might have con- Ar 
tracted the Fibres (if a Quantity I pib 
only of a Fluid had been requilite) I the 
by diminiſhing the Diameters of 
the Cavities or /e/zcles of the Fibres, 
as will appear by the ſequel of this 
Diſcourſe. - And as it is evident 
that the Reaſon why the Spirits + 
lone do not diſtend the /e/acles, i 
not that there is not a ſufficient 
Quantity for that purpoſe; ſo it 
will likewiſe appear that if there 
had not been a ſufficient Quantity 
of the nervous Fluid, yet the Quan- 
tity of Blood could haye giyen no 
Aſſiſtance in the Diſtention of the 
Veſicles; for if the Ve/icles contain 
a greater Quantity of Blood when 
the Muſcles contract, than they do 
4 when the Muſcles are relaxed, this 
1 Augmentation muſt procecd either 
from the Blood being ſtop d in the 
2 85 Vem, 
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Vein, or it muſt move ſuddenly 
with a greater Jelocuy thro' the 
Artery into the Cavities of the 
Fibres. If the Blood is ſtopp'd in 
the Vein, it muſt be by the Con- 
traction of its Coats, or by ſome 
external Preſſure upon them: If by 
the Contraction of the Fibres which 
compole the Coats of the Vein, the 
fame Difficulty remains to be ex- 
ained; for whatever is the canſe 
of the Contraction of the Fibres of 
a Vein, will likewiſe ſerve to con- 
tract the Fibres of a My/the. If 
the Blood is ſtopp'd in the Feins 
by a Preſſure upon their Coats, it 
muſt be by the ſwelling of the Ar- 
tery or muſcular Fibres. If the 
Arrery ſwells and prefles on the 
Vein, the Circulation of the Blood 
muſt be intirely ſtopp'd ; for that 
Preflure will conſtantly increaſe, 
the Blood being ſtill accumulated in 
the Artery; and therefore it. * 
1 
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for ever hinder all Paſſage throngh 
the Vein If it be ſaid that FA 
Blood moving ſometimes with a 
greater Velocuy through the Arte- 
ry into the Cells or Peficle of the 
Fibres, will diſtend them; this 
greater Velocity muſt proceed from 
the Force of the Heart, from 
which alone the Blood derives all 
its Motion: Now if the Heart ads 
with a greater Force, it will increaſe 
the 2 of the Blood uni verſal- 
ly throughout the whole Body, and 
each Muſcle and its Antagoniſt vil 
be thereby equally contracted, and 
conſequently neither will contract. 
And therefore being both the Bload 
and Fluid of the Nerves are neceſſa- 
ry to the Contraction of the Muſcles, 
and being the Contraction is not 
performed by the Quantity of theſe 
Fluids, it remains only that by their 
Mixture, they rarifie and diſtend 
Veſicles. | 


Now 


Of Mizſcular Motion! 209 
Now for the explaining of this 
Rarifaction of the Blood and Spi- 
rits in the Veſicles of the muſcular 
Fibres, let us ſuppoſe a ſmall Glo- 
bule of Air between the Particles of 
a Fluid, and that the Particles have 

a ſtrong attractive Force by which 
they endeavour to come together, 
they preſſing every way ly on 
the Globule of the Air, will hinder 
it from eſcaping any way from be- 
tween them; but the Force by which 
they endeavour to come together, 
being prodigiouſly greater than the 
Force of their Gravity, they will 
by this Force produce a very con- 
ſiderable Condenſation of the Glo- 
bule of Air that lies between them; 
and the Force of Elaſticity being 
proportional always to its Conden- 
ſation, the Force by which this airy 
Globule will endeavour to expand 
its ſelf, will likewiſe be vaſtly great; 
and conſequently if by any means 
this 
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this Mus of the Particles of the 
Fluid to come together ſhould be 
taken off, the Air between them 
would expand its ſelf with a very 
donſiderable Force. Now if u 
the mixing of another Fluid the Par- 
tieles of the firſt Fluid ſhould be 
more ſtrongly attracted to the Par- 
tieles of this other Fluid, than they 
were before to one another; then 
would their Miſus to one another 

ceaſe, and they would give the 

Globule of Air that is between them 

Liberty immediately to expand it 

ſelf, and the whole Fluid would take 

up a greater Space than it did be- 
fote, But when the Particles of 
the two Fluids come to be united 
together, they will again encloſe 
the Globule of Air that lies between 
them, and by their mutual Attracti- 


on ſoon bring it to its former State 
of Condenſation, 


Now 
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Now thar the Blog contains a 
great Number of Globules of Air 
is evident from the Quantity it 
yields in the Air Pump. And that 
the Particles of the Blood have a 
ſtrong attractive Force is likewiſe 
plain fromm What has been ſaid in 
the Theory of Secretion. By this 
Attraction of the Particles, the 
Globules of the Blvd are formed; 
and in vie ving the Circulation of 
the Blvod with a Microſcope, I have 
ſometimes obſerved, that where the 
Diameter of the Canal has been 
lels than the Diameter of a Glo- 
bule of Blood, that the Globule 
would- be preſſed into a Spheroidi- 
cal Form, bat when it came into 
a wider Part of the Canal apain, it 
would immediately re- aſſume its for- 
mer Figure; which I think is pro- 
bably owing to a ſmaller Globule 
of Air encloſed within, and expand- 
ing its ſelf equally every way, wu 
the 
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as — of — Shell 
11 04, are not longer ed | 
Theſe Globules on Blood. conti- 
nually circulating through the Ve- 
ſicles of the Fibres —— 
bably capable of containing only 
one Globule at a time) meet with 
the animal Spirits, which drop from 
the Nerves. Now the Mjauteneh 
of the Glands of the Brain, and 
the Smallneſs of the Fibres of the 
Nerves,” plainly ſhew that the au 
mal Fpirits are a Fluid, . conliſting 
of the ſmalleſt Particles of any in 
the Body; and therefore their at- 
tractive Force muſt be the greateſt 
of all the Particles in the Blood, 
as is evident from what Sir J. Mu- 
tan has calculated about the Rays 
of n ; and conſequently the 
animal Spirits meeting with the 
Globules of the Blood in the YVe/- 


cles of the Fibres, and ſurrounding 
| | them j 
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them, muſt attract the Particles of 
which they are compoſed, more 
ſtrongly than they do another; and 
conſequently their Niſus to one an- 
other ceaſing, the condenſed Glo- 
bule of Air will expand its ſelf with 
a very conſiderable Force, where- 
by each /e/:cle of the Fibre will be 
diſtended, and conſequently the 
Fibre ſhortned, z. e. the whole 
Muſcle will be contracted. But 
when the Particles of the Globule 
of Blood are mixed with the nervous 
Fluid, they will both together en- 
cloſe the Globule of Air again, and 
compreſs it into as ſmall, a Space as 
it was before; and thus the Con- 
traction of the Muſcle muſt im- 
mediately ceaſe, unleſs freſh Blood 
and Spirits ſtill ſucceeding one an- 
other continue the Inflation of the 
Veſicles. But when a Muſcle has 
been ſtrongly contracted for ſome 
time, the Quantity of Spirits ſpent, 
P being 
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being more than can be ſecerne 
in the ſame ſpace of Time by thi 
Glands which ſupply its Nerves, thi 
Inflation of the Ye/ecles muſt fal, 
and the Muſcle grow feeble and 
weak; whereas the Tonick Motion 
of the Muſcles, being performed 
by the Spirits WIr only by 
the Quantity laſt ſecerned in the 
Glands, will conſtantly continue 
without any Wearineſs. 
After this manner I conceive the 
Veficles to be diſtended without an 
Ebullition or Efferveſcenee, an 
their Diſtention to ceaſe without 
any Precipitation, or flying off of 
the aerial Globules through the 
Pores of the Muſcles. For to this 
Attraction of the Particles of Mat- 
ter is owing moſt of the Phenomena; 
for explaining of which Philoſo- 
phers have been forced to have re- 
courſe to active and ſubtile Parti- ¶ but 
les, which contrary to their own I} bul 
| Principles 
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— they have made to move 
themſelves every way, and to do 
whatever they had a mind ſhould 
be done: But how theſe Particles 
came by ſo great an Activity was 
not at all to be accounted for from - i 
any of their Principles. Thus in I! 
explaining of Muſcular Motion they 1 
make the animal Spirits to cut and | 
pierce the Globules of Blood, and 1 
with their ſharp Points to run them 1 
through and through, that the im- 
priſon d elaſtick Aura might be ſet 
at Liberty; which — 2 
could not be effected, unleſs we 
ſappoſe that Holes may be made in 
fluid Globules, as in a Board, and 
that the fluid Particles ſtand in a 
Heap, as the Waters of the red Sea 
did. And when the Aerial Glo- 
bule is got looſe, the Intumeſcence 
of the 22 cannot be aſſwaged, 
but by ſuppoſing the claſtick Glo- 
bules now to have Strength to break 

P 2 through 
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through the Muſcles and Skin to 
come at the external Air, tho? be- 

fore they had not Power nor Sub- 
tilty enough to get through a thin 

Shell of Blood. | 

| But I come now to ſhew the 

| ' Mechaniſm of the Fibres, or hoy 

excellently and wiſely they are con- 
trived for Contraction : It is a known 

Experiment that a Bladder when it 

is blown up and diſtended as to is Le 

Capacity, but contracted as to its 

Length, will by the Force of Con- in 

traction, raiſe a Weight to ſomeſſſ| 

determined height. And if wo de 

Bladders joined together and com on 

municating with one another vere PC 


blown up, the Weight would be Fi 

raiſed by Inflation twice the Space] C 

that one alone would do it ; L let 
4 cauſe I ſuppoſe that both Bladden i ſh 
0 contract equally, and conſequently th 
44 the Contraction of both together ſe 
| will be double the Contraction off 


either 


—— 
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either. Three Bladders thus join- 
edand diſtended will raiſe theWeight 
to triple the Height, and four to 
quadruple; fo that if there were a 
String of Bladders join'd together, | 
of equal Bulk and like Figures, | 
the ſpace through which the Weight Lil! 
wou d riſe, wou'd be proportional 11 
to the Number of Bladders, or, 
which is the ſame thing, to the 
Length of the String. 

Each Fibre of a Muſcle conſiſt- 
ing of a Multitude of ſmall Heſi- 
cles, reſembles a String of Blad- 
ders; and therefore the Contracti- 
on of the Muſcle, is always pro- | 
portional to the Length of its | 
| Fibres, And being the greatelt | 
Contraction of the Fibres is always | 
leſs than + of their Length (as 
ſhall hereafter be demonſtrated ) 
there was a Neceſſity that the In- 
ſertions of the Muſcles ſhould be 
near to the Joints, not only to in- 
| P 1 creaſe 
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creaſe the Velocity of the Parts 
moved; but likewiſe that they 
might deſcribe greater Arches round 
the Centers of their Motion: And 
| hence it is that thoſe Parts which 
| deſcribe the greateſt Arches, are 
| moved by the longeſt Muſcles ; as 
i the Hand round the Elbow, which 
is bent by the Biceps ariſing from 
the Scapula; and the Foot round 
the Knee, which is bent by the 
Muſcles whoſe Originations are as 
far diſtant as the Hehium. If theſe 
Joints had been moved by ſhort 
Muſcles inſerted at each end into 
the Extremities of the articulated 
Bones, the Arm and Leg had mo- 
ved buta little way, and the Arches 
the Hand and Foot had deſcribed 
about theſe Joints, had been to the 
Arches they deſcribe now, as the 
Length of the ſhort Muſcles had 
been to the Length of the Muſcles 
they have now, On the contraty, 
| £5977 where 


where the Joints have but a ſmall 
Motion there the Muſcles are ſhort: 
Thus we find that the Fingers are 
pulled ſide-ways by the {zterof/e:, 
the Thigh is Gott outwards, and 


obliquely by the uadragemins and 


Obturatores, which are all ſhort 


Muſcles, and molt of the Muſcles 


of the Vertebræ run between one 
Vertebra and the next. From 
hence it is evident that the Origi- 
nations and Inſertions of the Muſ- 
cles, are every where the beſt that 
could be contrived. 

The Veſicles of which theFibres 
conſiſt are extremely ſmall; for tho 
one large Bladder may raife aWei ght 
as high as ſeveral ſmall ones, yet 
the Quantity of Elaſtick Fluid uſed 
in the — ſh together with the 
ſwelling of che large Bladder, will 
be much greater than when A 
Weight is raiſed by a String of ſmall 
ones, For ſuppoſe two Bladders of 

Tu P 4 {imilar 
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ſimilar Figures, but the Diameter 
of the one triple to the Diameter 
of the other, then will the one re- 
quire twenty ſeven times the Quan- 
tity of Elaſtick Fluid to expand it 
that the other does, and it will ſwell 
to twenty ſeven times the Space; 
and yet three of the leſſer Bladders 
joined together, will raiſe the Weight 
to the ſame Height that the bigger 
one does, but with nine times leſs 
Expence of Elaſtick Fluid, and 
they will take up but one ninth 
Part of the Space. By diminiſhing 
therefore the Bigneſs of the Veſi- 

cles, and increafing their Number, 

the Force required to diſtend the 
Veſicles, and the Diſtention its ſelf, 

may be diminiſhed in any given 
Proportion, and come at laſt to be 


inſenſible. Suppoſe a Bladder of 


a determined Bigneſs can raiſe: a 
Weight a Foot; a hundred Blad- 
ders whoſe Diameters are each 57 
213257 Part 


r 


2 
= i; Io 


ke | 
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| of the former being blown 
bil raiſe the Weight to the 2 
Height, but the Force of Inflation 
and the ſwelling of all put together 
vill be ten thouſand times leſs than 
in the large one. 

If a Weight of a determined Bj 
ici beraife toe ceratn bid 
by one Bladder, or one . 
Bladders to which the Weight is 
tyed; twice that Weight may be 

raiſed by two fach Bladders, or 
Strings of Bladders, and triple that 
Weight by three ſuch Strings. And 
conſequently the Weight a : Muſcle 
can raiſe, will be on. 
Number of its Fibres, that is, as 
its Thickneſs, ſuppoſing the Diſten- 
tion of the Veſicles equal. And 

the abſolute Strength of one Muſcle 
is to the abſolute Strength of ano- 
ther, as their Bulks. 

It is to be obſerved that in deter- 
mining both the Contraction and 

Strength 


- 
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Strength of a Muſcle, no Regard 
is to be had to the Tendons; be- 
cauſe in them we obſerve no Infla- 
tion, and we find Nature no where 
making uſe of a Tendon, but where 
either there was not room for the 


Infertion of ſo many fleſhy Fibres, 


-orwhere it was neceſſary the Muſcle 


thould draw from fach a Point. 
I Tfhall in the next Place determine 
che Force of the Elaſtick Fluid ne- 


keffary to diſtend the Veſicles ſo as 


to raiſe to a determined Height any 
given Weight. But before this can 
be done, the Figure that each Ve- 
ſicle willbeformed into by the Force 
of the Elaſtick Fluid diſtending it, 
muſt be found out: And therefore 
let us conceive each Veſicle to 
-confift of an infinite Number of 
Threads, whoſe Ends are faſtened 
by tranſverſe Ligaments ; and from 
hence it follows that if a diſtended 
 Veficle were cut with a Plane thro 


—— — — 


Of Mi ſenlar Motion. 223 
its Axis, the Curve of the Section 
will be the ſame with that of a 
Thread whoſe two Ends are faſten- 
ed, and the whole preſſed by an E- 
laſtick Fluid; and becauſe Elaſtick 
Fluids endeavour to expand them- | 
ſelves every way, and all Fluid preſs 1 
perpendicularly on each Obſtacle, it | 
is evident that the Thread muſt be 
every where equally and perpendi- 
cularly — ind Janes its 
Flexion or Curvature muſt be every 
where equal and ſimilar, and con- 
ſequently the Thread muſt be for- 
med into a circular Arch. Hence 
it follows that the whole Secretion 
of the Veſicle confiſts of two equal 
and ſimilar Arches, whoſe common 
Subtenſe is the Axis of the Veſicle. 
Suppoſe now A E B and ADB to 
be the two cireular Arches, C the 
Center of theArch AEB, AG and 
| BF Tangentsin the Points A and B, 
che Reſiſtance to be raiſed. The 
TIT EO Angle 


4 2 
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Angle CA G or CAE is equal to a 
right Angle =to CAR + ACR, 
and therefore the Angle ACR = 
GAR, or EAR = EBR = DBR; 
and therefore the Arch EA or EB 
is the Meaſure of the Angle EAR, 
or EB R, and the Space through 
which the Reſiſtance Z is raiſed is 
equal to the difference between the 
Arch AEB and its Chord AR B, or 
equal to twice the difference of the 
Arch A E and its Sine AR; which 
having the Arch AE or the Angle 
„EAR given in De- 
ge!eces and Minutes 


may be eaſily, cal 
culated. But to do 


ge — * this the Length; of 
% the Radius ACmul 
5 be determined in 


ſuch Parts, whereot 

1000 make of D 

6 2 the ArchAE, which ſo 

js done thus. The A 
Degrees 
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Degrees of a circular Arch, whoſe | 
Length is equal to the Radius of 
the Circle is 57* 295 ; and therefote 

the Degrees in the Arch A E is to 
57* 295, the Length of the Radius 
exprefled in Degrees, as 100000, 
the Parts of which the Arch AE 
conſiſts, to the Radius expreſſed in | 
the ſame Parts, which will there- 

fore be given. And again, as the 

Tabular Radius is to the Tabular . 

Sine of the Arch AE, ſo is the Ra- 

dius A C (which is already 2 

to the Sine A R, which will likewiſe 

be found. This being ſubſtracted 

from A E and the Remainder 

doubled, is the Elevation of the 

Weight 2. 

Thus for Inſtan ce, ſuppoſe the 

Arch AE or the Angle EB R to be 

30 Minutes, fay, as 30“, or half a 

Degree, that is —1s to 57 295, 


ſo is 100000 the Length of the 
Arch AE, to the Length of the 
5 Radius 
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Radius AC which will be found to 
be 11459000. And again, as 100- 
ooo is to 872 the Sine of 30', ſo is 
11459000 to AR, which is there- 
fore 99906, which ſubſtracted from 
AE, and the Remainder doubled, 
gives 186 the Sublevation of the 
Weight Z in fuch Parts whereof 
AE is 100000, beets 
The Tenſion of the Fibre or 
the Force wherewith it is ſtretch'd 
by the Reſiſtance Z may be thus 
determined. The Tenſion of the 
Fibre, or the Force ſuſtaining the 
Weight in the Point B, is the ſame 
as if the Weight Z were ſuſpended - 
by ir, a, touchin g the Arches 
in the Point B, and in that Cafe 
the Tenſion of the Thread BF is 
to the Weight Z, as the Sine of 
the Angle FBR or EBR is to the 
Sine of the Angle FB Hor EBD; 
(a) and conſequently the Tenſion 


(a) By the zd cor. prop. 33 of the Lectiones Phy- 
. fica Jo. Keil. Ed, 


or 
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or. Firmneſs of the Thread will 


be — Z x Sine EBR 


Tine E BD | | 
Now call the abſolute Force of 
Expanſion that the elaſtick Fluid 
muſt have to raiſe a given Weight [| 
to a determin'd Height 2; the 1 
Preſſure on any Part of the Thread 1 
will be as the Force of Expanſion 1 
of the Fluid, and the Portion con- 
junctly; for if the Portions of the 
Thread be taken equal, the Preſ— 
ſures on them will be as the Force 
of Expanſion, or the Elaſticity; and 
if the Force of Expanſion be the 
ſame, the Preſſure is as the Por- 
tions on which it preſſes; and there- 
fore univerſally it is as the Force of 
Expanſion and the Portion joint- 
ly, or as the Product of the two. 
Loet AB repreſent the circular 
Thread, B b an indefinite ſmall 
Portion of the fame, and the 
Preſſure on Bb will bez x Bb, 
which ſappoſe equal to BH: The 
ä Preſſure 
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preſſure BH can be reſolved into 
two Forces, one whereof is as DH 


ating horizon- 
tally, or accord- 
2 ing to the Di- 
＋ rection DH, and 
the other at BD 
acting vertical- 
ly, or accordin 

K to the _ 
| Dire&ion B D; 


and 3 of the equiangu- 


lar Triangles G Bb and BD H. 
BG: DH: : Bb: BH: : Bb: 
x Bb (:: 1: ):: Gb: BD; there- 
fore DH=# BG, and BD=" 
Gb, and therefore 'the Sum of all 
the horizontal Forces will be equal 
to multiplled by all the B G's, 

that is z multiplied by B F= x x BF, 
and the Sum of all the vertical Forces 
is equal to # multiplied by all the 
G bs, thatis=» AF. Now it is 
plain that the Tenſion of the Fibre 


3 | in 
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in the Points A and B is the ſame 


with the Tenſion of two Threads 


Tangents in the Points A and B 
(where they are ſuppoſed to be faſt- 
ened) that are drawn at their Point 
of Concourſe I, by all the horizon- 
tal Forces according to the Directi- 
on IL, and by all the vertical 


Forces according to the Direction 


IK: And therefore to determine 
the Tenſion of the Fibre, the 
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Tenſion muſt be determined of the 


Threads that are pulled at the Point 
I by a Force FB according to 
the Direction ( ) . F A 48 
IL, and by ö 
Force n F A ac- 9 


cording to the 2 — 
Direction IK. MW 
Take I LSA * „ 

FB and LN peer 
pendicular to e 

it n PA, and Th | - 
the two Forces K 


IL 
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IL and LN will be equipollent to 
a third Force as IN, acting accord- 
ing to the Direction IN, and there- 
fore the Threads will be ſtretch'd 
2 the ſame Degree by the Force 
N that they would be by the two 
cha I L and LN, and becauſe 
IL (BF): LN (FA) :: BE: 
FA, and the Angles at L and F 
equal (by the 6th of the 6th) the 
Triangles BF A and IL N will be 
equiangular, and the Side IN will 
be equal to BA, and the Angle 
FAB= LNI=(by 29. I. ) AIQ, 
add the Angle IA O to both, and 
the right Angle FA will be equal 
to AIO+IA OS (32. 1.) AOC; 
and therefore a AI = IB, 
and the Angles at A and B equal, 
the Angle AIO muſt be= BIO 
and AOS OB, the Line therefore 


NO cutting the Line AB equal- 


ly and at right Angles muſt paſs 


ee the Center. Through N 
draw 
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draw NK parallel to BI, meeting 


with A I produced in the Point K, 
then the Forces by which the 


Threads are ſtretched will be as IK 


and NK, * the Angle KIN= 
AIO = FAB = BIO = INK. 
The Triangle therefore KIN is 


an Iſoſceles Triangle, and equi- 


angular to the Triangle ABC, and 
AB: AC: : NI: IR:: AB; 
n AC; and therefore IK or KN 
will be equal to a x AC, that is 
the Forces by which the Threads 
are ſtretch'd will be equal to the 
Radius of the Circle multiplied 
by u. 

© the Tenſion of the Fibre 
in the Points A and B, and ſo in 
all other of its Parts, is the ſame 
and equal to the abſolute Force of 
Elaſticity multiplied'into the Radius 


CT 


* Keil's Lectiones Phy ſicæ, prop. 33. 
2 the 
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of the Circle. But the Tenſion of 
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the Fibre was found before to be 


ZxSineEBR therefore if we call the 


3 Zx Sine E B 
Radius . ur = ——=x4x7 and 1 = 


Z x Sine EBR ! 1 
ZxSneEBR and / x Sine E BD vil 


have the ſame Proportion to the 
Sine EB Ras Z to n. Hence it is 
plain that no finite Force of Elaſti- 
city can extend the Fibre AE BD 
[ to a complete Circle, for in that 
if caſe the Sine of the Angle EBD 
being nothing 7x Sine EB is no- 
il thing, and therefore Z will be to # 
is as nothing to ſomething, or as a 
| | finite to an infinite. | 

| The greateſt Contraction of the 
[| Fibre that can be, mult always be 
|| - leſs than 72728 of ſuch Parts where- 
of the Arch AE is 100009, for if 
the Threads were extended into 
1 complete Circles, the Contraction 
would be only ==, of AE, which 
it can never atrive to; therefore 
the Contraction muſt be always 
leſs than 5 of the Length of the Fi- 


a bre: 


— 


7 
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bre: It is alſo plain that when the 
Angle EBR is ſmall, the Force of 


„ 4 0 oh TL. ww 


Elaſticity bears but a ſmall Propor- 
tion to the Reſiſtance. For Exam- 
ple when the Angle EBR is but 
30' the Radius or r multiplied into 
the Sine of the Angle EB D the 


Sine of one Degree, is to the Sine 


of the Angle EB R the Sine of 30 
as Z to u, that is, r X 1745: 872:: 
Z : u, that is Z: u:: 11459 000X 
1745: 872:: 19995955000: 872 
::2293II41: 1, and conſequently a 


ſmall Degree of Elaſticity will pro- 


duce a prodigious Energy in the 
Muſcles. 
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Senecas Morals, by way of abſtract. With a Diſcourſe 

under the Title of an After-thought, a 

| Fables 
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Fables of Zſop, and other ancient Mythologiſts. Witls 
Morals and Reflections. Both by Sir Roger L'Eſtrange. 
Eſſays of Seigneur de Montaigne. In three Volumes. 
ith marginal Notes and Quotations, and an Account 
of the Author's Life and Character. Made Engliſb 
by Charles Cotton Eſquire. The Fourth Edition. 
The preſent State of the Court of Rome: Or the Lives 
of the | wy Pope, Clement the Eleventh, and of 
the preſent College of Cardinals. Written originally 
in Italian, and newly tranſlated into Engliſh from 
Italian Manuſcript, never as yet made publick. With 
a Preface by the Publiſher, containing Remarks on the 
Nature of the College of Cardinals, and a ſhort Account 
of the preſent Pope's Elevation to the Papacy, and 
the moſt remarkable Occurrences in his Pontificate. 
The Maxims of Government, in an Advice to a Re- 
publick ; ſhewing, how it ought to govern it ſelf in 
order to perpetuate its Dominion. In which are alſs- 
conſider'd, the ſeveral Intereſts of all the Princes of 
Europe, with reſpect to the Affairs of Italy, by Father 
Paul, Counſellor of State. r | 
An Effay for a general Tax; or a Project for a Royal 
Tythe, which by ſuppreſſing all the ancient Funds for 
raifing the publick Revenues, and for ever aboliſhing 
all unequal Aſſeſſments and oppreſſive diſtraining on 
the People, will furniſh the Government, a fixt and 
certain Revenue, ſufficient for all its Exigences and 
Occaſions. By the famous Monſieur Vauban, Marſhal 
of France. w 
A new and compleat French and Engliſh Grammar: 
Shewing the ſhorteſt and eaſicſt Way to underſtand 
thoſe Languages, but eſpecially the French; contain- 
ing above twenty pleaſant Dialogues. Tranſlated in- 
to Engliſh, by Sir Roger L'Eſtrange, and here rendred 
into French, to which is added a ſhort, but exact 
Engliſh Grammar. Alſo a French and Engliſh Dicti- 
onary, comprehending all that's neceſſary to the At- 
tainment of either Language. By Peter Berault, 
French Miniſter. Second Edition. 
Preſagium Medicum, or the prognoſtick Signs of acute 
Diſeaſes, eſtabliſhed by ancient Obſervation and ex- 
plain'd by the beſt Modern Diſcoveries. 
The Art of curing Veucreal Diſeaſes, explain'd by na- 
tural and mechanical Principles. 
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The Nature, Cauſes, Symptoms and Cure of a Gotorrhaa, 
An Account of the Nature, Cauſes, Symptoms, and 

Cure of Looſeneſſes. Theſe three by William Cock- 
burn, M. D. F. R. S. 8} * 

A Treatiſe of the Diſeaſes of Tradeſmen, ſhewing the 
various Influence of particular Trades upon the State 
of Health. With the beſt Methods to avoid and cor- 
rect it. Written in Latin by Bern. Ramazin, Profeſſor 
of Phyſick at Padua. | 

Ny Diſcoveries relating to the Cure of Cancers. 

erein a Method of diſſolving the cancerous Sub- 
- ſtance is recommended; with Inſtances of the Author's 
Succeſs in ſuch Practice, on Perſons reputed incurable. 

Chirurgical Remarks, occaſion'd by the Death of a Child, 
whoſe Caſe was lately publiſh'd. To which is added 
an Account of a Wound of the Brain by a Bullet, 

with Reflections thereon. | 

A Comparative Deſcription of the Muſcles in a Man and 
Quadruped. Shewing their Diſcoverer, Origine, Pro- 
greſs, Uſe, and Differences. By Ja. Douglas, M. D. 120. 

Bibliographies Anatomice Specimen, ſive Catologus omnium 
dene Auctorum qui ab Hippocrate ad Harveum Rem 
Anatomicam ex profeſſs, vel obiter, ſcriptis illuſtrarunt; 

opera ſingulorum & in venta juxta temporum ſeriem com- 
plecten Cura & Studio Jacobi Douglaſs, M. D. R. S. S. 

The Eight Volumes of the Turłiſh Spy giving an Account 

of moſt Tranſactions in Europe; and diſcovering ſeye- 
ral Intrigues of the Chriſtian Courts eſpecially that of 
France. . 


